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Omaha  District 
Corps  of  Engineers 
6014  U.S.  Post  Office 
and  Court  House 
Omaha,  Nebraska  68102 

Subject:  Alternative  Plans  for  Abatement 

of  Pollution  from  Combined  Sewer 
Overflows  - Omaha,  Nebraska 

Gentlemen : 

We  are  pleased  to  submit  our  final  report  on  the  formulation  and  evaluation 
of  alternative  plans  for  abatement  of  pollution  of  the  Missouri  River  by  com- 
bined sewer  overflows  in  Omaha,  Nebraska.  As  part  of  this  assignment,  we 
have  also  assessed  septic  tank  and  high  water  table  problems  in  the  Carter 
Lake  area  and  the  impact  of  the  Riverfront  Development  Program  on  the  exist- 
ing sewer  system.  One  of  the  alternatives  presented  herein  is  to  become  a 
part  of  the  regional  water  quality  management  plan  currently  in  preparation. 

The  planning  program  was  carried  out  in  two  phases.  Phase  I consisted  of 
the  formulation  and  preliminary  evaluation  of  a number  of  alternative  con- 
cepts for  solving  the  combined  sewer  overflow  problem.  Twelve  alternative 
concepts  were  selected  as  the  most  feasible  from  30  possibilities 
considered.  From  these,  the  City  of  Omaha  and  other  concerned  agencies 
selected  five  alternative  plans  for  detailed  study  in  Phase  II. 

The  Combined  Fewer  Pollution  Problem 

The  Omaha-Missouri  River  Sewerage  System  serves  the  22,000-acre  portion  of 
Omaha  that  drains  to  the  Missouri  River.  Dry-weather  sanitary  sewage  from 
the  ten  major  sewer  service  areas  is  discharged  to  an  interceptor  system 
leading  to  the  Missouri  River  Treatment  Plant  on  the  south  side  of  Omaha. 

The  plant  is  designed  for  primary  treatment  (solids  removal)  with  a capacity 
of  72  mgd.  Planned  expansion  will  include  secondary  (biological)  treatment. 

During  periods  of  rainfall  or  snowmelt,  flow  in  the  combined  sewers  often 
exceeds  the  capacity  of  the  interceptor  and  overflows  occur  at  22  points 
along  the  riverfront.  Overflows  occur  about  50  times  a year  resulting  in 
an  annual  discharge  to  the  river  of  about  five  billion  qallons  of  mixed 
sanitary  sewage  and  storm  water,  eight  million  pounds  of  suspended  solids, 
and  four  million  pounds  of  BOD.  Additionally,  frequent  overflows  of  sani- 
tary sewage  are  caused  by  mechanical  breakdowns  in  the  interceptor  system. 
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Reduction  or  elimination  of  this  pollution  source  is  required  under  -State 

and  Federal  law. 

Prior  to  formulation  of  alternative  plans  r'or  resolution  of  the  combined 
sewer  overflow  problem,  it  was  necessary  to  establish  the  approach  for 
dealing  with  wastewater  and  storm  runoff  from  unsewered  portions  of  the 
Carter  Lake  area  and  to  assess  the  possible  impacts  of  the  Riverfront 
Development  Program  on  the  existing  sewerage  system  and  on  alternative 
plans. 

Septic  tanks,  used  for  residential  wastewater  disposal  in  most  of  the 
Carter  Lake  area,  function  poorly,  supposedly  because  of  a high  water 
table.  We  conclude  that  the  soils  in  the  area  are  unsuitable  for  septic 
tanks,  irrespective  of  ground-water  levels  and  that  the  area  should  be 
served  by  separate  sanitary  sewers.  This  area  then  will  have  no  effect 
on  alternative  plans  for  combined  sewer  pollution  abatement. 

We  conclude  that  Riverfront  Development  Program  projects  in  combined 
sewered  areas  generally  should  be  served  by  combined  sewers.  These  pro- 
jects will  cause  little  change  in  storm  runoff  so  will  not  affect  alter- 
native plans  for  combined  sewer  pollution  abatement.  However,  some  RDP 
projects  may  preempt  land  areas  designated  for  structural  facilities  in 
some  alternative  plans. 

A1  tematives  for  Combined  Sewer  Pollutj  on  Aba  lenient 

All  combined  sewer  pollution  abatement  concepts  considered,  with  the 
exception  of  sewer  separation,  include  storage  of  the  mixed  storm  runoff 
and  sanitary  sewage  to  allow  treatment  at  a rate  of  flow  considerably  less 
than  tire  peak  flow  rate  in  the  sewers.  In  most  cases,  the  combined  sewage 
would  be  treated  at  the  existing  Missouri  River  Sewage  Treatment  Plant. 

When  secondary  treatment  is  added  to  the  plant,  its  dry-weather  treatment 
capacity  can  be  supplemented  with  special  wet-weather  facilities  to  accom- 
modate the  additional  load. 

ince  the  specific  effluent  quality  requirements  for  treated  combined  sew- 
age have  not  as  yet  been  established,  we  have  considered  in  our  studies 
three  levels  of  treatment,  from  secondary  to  background  river  water  quality. 
Similarly,  a range  of  design  recurrence  intervals  of  from  one  to  ten  years 
was  considered.  A 5-year  design  recurrence  interval  together  with  secondary- 
level  treatment  was  used  for  comparing  alternative  plans.  If  the  design 
criteria  for  coruined  sewers,  when  they  are  defined  by  the  EPA,  should  fall 
outside  these  constraints,  alternatives  that  were  rejected  because  they  could 
not  meet  the  minimum  treatment  and  performance  criteria  set  for  this  study 
should  be  reconsidered. 
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Five  of  the  alternative  concepts  were  selected  by  the  City  of  Omaha  and 
other  concerned  agencies  for  further  detailed  study.  Summary  cost  esti- 
mates for  the  five  selected  alternative  plans , for  5-year  design  recur- 
rence interval  and  secondary  treatment,  are  shown  in  Table  A.  Perfor- 
mance and  costs  of  these  alternative  plans  for  1,  2,  5,  and  10-year  design 
recurrence  intervals  and  for  higher  levels  of  treatment  were  also  evaluated 
and  are  given  in  the  body  of  the  report.  The  relative  merits  of  the  alter- 
natives remain  essentially  the  same  irrespective  of  the  given  recurrence 
interval  and  level  of  treatment. 

The  five  alternatives  that  were  studied  in  detail  are  discussed  below: 

Diked  Storage  Along  Levee.  Combined  sewer  overflows  at  the  existing  out- 
falls would  be  stored  in  open  reservoirs  constructed  by  diking  off  elonga- 
ted areas  on  the  river  side  of  the  existing  interceptor  sewer  system  for 
treatment  at  a wet-weather  biological  treatment  facility  at  the  Missouri 
River  Plant.  Overflows  would  be  retained  in  storage  for  a maximum  of  20 
days  and  would  be  mechanically  aerated  while  in  storage  to  minimize  the 
possibility  of  odors. 

Five  reservoirs  occupy  approximately  300  acres  along  the  riverfront.  The 
reservoirs  would  be  located  near  Minne  Lusa,  Grace  St. , Leavenworth,  Mis- 
souri Avenue,  and  Monroe  Street.  The  reservoirs  would  be  about  10  to  15 
ft.  deep  and  would  be  completely  emptied  and  cleaned  during  the  winter  months. 
The  added  encroachment  in  the  river  floodway  would  not  significantly  raise 
flood  water  levels. 

This  is  the  least  costly  alternative.  It  has  the  advantage  of  using  the 
existing  flood  control  levees  for  one  wall  of  the  reservoirs  and  is  amen- 
able to  staged  construction.  Being  on  the  river  side  of  the  levees,  visual 
impact  of  the  reservoirs  would  be  low.  Nevertheless,  this  alternative  is 
likely  to  have  the  poorest  public  acceptance. 

Deep  Tunnel  to  Ground  Level  Storage.  In  this  plan,  the  elevation  of  much  of 
the  combined  sewer  service  area  would  be  used  to  provide  energy  for  gravity 
conveyance  of  combined  sewer  overflow  through  a tunnel  to  a low-cost  diked 
reservoir  across  the  Missouri  River  north  of  Council  Bluffs.  The  overflows 
would  be  diverted  to  drop  shafts  and  to  a tunnel  beneath  the  existing  inter- 
ceptor. The  tunnel  would  be  constructed  in  sound  rock  formations  several 
hundred  feet  below  the  surface.  As  in  the  previous  alternative,  stored 
combined  sewage  would  be  pumped  to  the  existing  interceptor  system  for  treat- 
ment at  a wet-weather  facility  at  the  Missouri  River  plant. 

Since  the  only  visible  facility  would  be  located  in  a currently  agricultural 
area  and  would  have  a low  profile,  public  acceptance  should  be  good  and  en- 
vironmental inpact  minimal. 
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Excavated  Storage  - Deep  Tunnel  to  Ground  Level  Storage . This  alternative 
is  a modification  of  the  preceding  alternative  in  which  the  northern  and 
southern  zones  of  the  combined  sewer  area  would  be  dealt  with  individually. 

Low  cost,  shallow  excavated  reservoirs  in  the  Carter  Lake  area  would  be  used 
for  storage  of  overflows  from  the  northern  zone.  A tunnel  to  ground  level 
storage  located  across  the  River,  south  of  Council  Bluffs  would  serve  the 
southern  zone . 

The  dual  concept  alternative  is  somewhat  less  costly  than  the  single  concept 
tunnel  alternative,  but  it  would  be  more  disruptive.  Public  acceptability 
for  this  alternative  would  be  reduced  because  of  the  open  reservoirs  in  prox- 
imity to  the  urban  area.  The  reservoir  sites  also  may  be  in  conflict  with 
proposed  Riverfront  Development  project. 

Deep  Tunnel  to  Mined  Storage.  This  alternative  utilizes  a smaller  diameter 
tunnel  than  the  preceding  deep  tunnels  and  flows  from  North  to  South,  dis- 
charging by  gravity  to  a mined  storage  reservoir  located  500  to  600  feet 
below  ground.  Diversion  structures  and  drop  shafts  at  the  outfalls  would 
allow  diversion  of  the  overflows  to  the  tunnel  and  the  storage  chambers. 

The  initial  storage  chamber  would  be  a settling  chamber  for  removal  of  settle- 
able  solids.  Overflows  from  this  chamber  would  be  aerated  in  the  main  cham- 
bers. The  stored  overflows  would  be  lifted  to  the  Missouri  River  Plant  for 
treatment.  Solids  and  grit  would  be  pumped  separately  to  the  surface  for 
disposal. 

Although  the  cost  for  this  alternative  is  relatively  high,  the  storage  facil- 
ities are  located  underground  and  not  visible  to  the  general  public,  making 
this  plan  the  most  environmentally  acceptable  alternative. 

Deep  Tunnel  to  Papillion  Creek.  A modification  of  the  previous  alternative 
would  utilize  a deep  tunnel  extending  from  the  mined  storage  facilities  to 
the  Papillion  Creek  area.  The  objective  would  be  to  convey  the  overflows 
to  a central  location  for  potential  disposal  and  final  treatment  as  required. 
This  plan  could  also  eliminate  the  proposed  secondary  expansion  of  the 
Missouri  River  treatment  plant  by  conveying  the  primary  effluent  with  the 
deep  tunnel  to  the  Papillion  Creek  area. 

This  plan  will  require  further  evaluation  as  part  of  regional  wastewater 
management  plans  that  are  being  considered  for  abatement  of  pollution. 

Conclusion 


Of  the  five  alternatives,  diked  storage  along  the  levee  would  have  the 
lowest  capital  and  operation  and  maintenance  costs.  Also,  it  could  be 
implemented  sooner,  would  require  less  construction  time  and  is  more  amenable 
to  staged  construction  than  the  alternatives.  However,  this  alternative  would 
have  the  poorest  social  and  environmental  acceptabi] ity , while  the  deep  tunnel 
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with  underground  storage,  the  highest  cost  alternative  would  have  minimal 
adverse  impact.  Deep  tunnel  to  ground  level  storage,  excavated  or  not, 
appears  to  be  the  best  compromise  of  cost  and  social  and  environmental 
acceptability. 

trust  that  the  material  in  this  report  will  provide  an  adequate  basis 
for  selection  of  an  alternative  plan  and  for  further  studies.  We  look  for- 
ward to  continuing  our  participation  in  this  important  and  challenging  plan- 
ning program. 


Very  truly  yours, 


^ C.  Ringenoldus 
Project  Director 


Table  A 

SUMMARY  OF  COSTS  OF  FIVE 
ALTERNATIVE  PLANS  STUDIED  IN  DETAIL 


Millions  of  Dollars 


Alternative  Plan 

Construction  Cost 

Annual  Operation 
and  Maintenance 

Total— ^ 
Present 
Worth 

Diked  Storage  /Along  Levee 

$ 71 

$4.7 

$144 

Deep  Tunnel  to  Ground 
Level  Storage 

145 

5.  1 

222 

Excavated  Storaqe-Deep  Tunnel 
to  Ground  Level  Storage 

111 

5.  1 

187 

Deep  Tunnel  to  Mined  Storage 

179 

6. 1 

270 

Deep  Tunnel  to  Papillion  Creek 

192— ^ 

5.6-/ 

276 

7 


FOREWORD 


Authorization 

On  February  11,  1974,  the  Omaha  District,  U.S.  Army  Corps  of 
Engineers  authorized  Harza  Engineering  Company  to  prepare  a 
Wastewater  management  plan  for  alleviating  the  combined  sewer 
overflow  problem  in  Omaha. 

Br 

* Source  of  Data 

This  study  is  based  on  available  references,  including  published 
" reports  and  unpublished  data  collected  from  the  City  of  Omaha 

k ’ and  the  Airport  Authority. 
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Chapter  I 

GENERAL  BACKGROUND 

Overflows  from  Omaha's  combined  sewer  system  are  dis- 
charged to  the  Missouri  River  on  the  order  of  50  times  per 
year.  These  overflows  of  untreated  sewage  and  storm  runoff 
amount  to  an  estimated  five  billion  gallons  per  year  or  a 
yearly  average  of  12  million  gallons  per  day.  Although  the 
impact  of  these  overflows  on  the  Missouri  River  has  not  been 
fully  determined,  this  practice  will  be  in  violation  of 
state  regulations  after  December  31,  1975. 

The  abatement  of  pollution  from  combined  sewer  overflows 
is  only  one  area  of  wastewater  management  planning  that  is 
now  being  undertaken  in  the  Omaha  area.  Other  water  quality 
management  planning  activities  involve  an  evaluation  of  the 
sewer  systems  in  Omaha  and  Council  Bluffs  and  the  formula- 
tion and  evaluation  of  alternative  regional  wastewater  manage- 
ment plars.  These  current  wastewater  management  studies  for 
the  Omaha  area  are  directed  toward  meeting  the  objectives  of 
the  Federal  Water  Pollution  Control  Act  Amendments  of  1972 
(PL  92-500) . 

The  main  objective  of  this  study  is  to  formulate  and 
evaluate  alternative  measures  for  abatement  of  pollution  of 
the  Missouri  River  caused  by  combined  sewer  overflows  from 
Omaha.  As  part  of  this  study,  special  problems  in  the  Carter 
Lake  area  and  the  impact  of  the  proposed  Riverfront  Develop- 
ment Program  are  also  assessed. 
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Setting 


The  study  area,  as  outlined  in  Plate  1,  consists  of 
Carter  Lake,  Iowa,  and  the  part  of  Omaha  that  drains  directly 
to  the  Missouri  River.  This  area,  designated  the  Omaha- 
Missouri  River  sewerage  system,  covers  more  than  25,000  acres. 
The  rest  of  Omaha  is  in  the  Papillion  Creek  watershed  and 
drains  eventually  to  the  Missouri  River  via  Papillion  Creek. 

The  types  of  land  uses,  population,  topography,  geology,  and 
climate  of  the  study  area  all  have  a bearing  on  the  wastewater 
management  planning. 

Land  Use 

Land  use'  within  the  study  area  includes  industrial,  com- 
mercial, residential,  and  vacant  and  parkland.  The  type  of 
land  use  has  considerable  bearing  on  the  performance  of  combined 
sewers  because  of  the  wide  variation  of  storm  runoff  with 
different  land  uses.  Land  use  within  the  service  area  of  the 
sewerage  system  varies  from  highly  impervious  industrial  areas, 
with  runoff  of  up  to  90  percent  of  rainfall,  to  very  pervious 
areas  such  as  parks,  with  as  little  as  zero  to  10  percent  run- 
off. 

Present  land  use  within  the  study  area,  as  shown  in  Table 
1-1,  indicates  that  most  of  the  land  has  been  developed,  either 
residentially  or  industrially.  Land  uses  are  fairly  well  dis- 
tributed, however,  so  that  the  composite  land  use  of  large 
areas  does  not  vary  substantially  throughout  the  study  area. 
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Table  1-1 


PRESENT  LAND  USE  IN  THE  STUDY  AREA 


Land  Use 


Area,  Acres 


Industrial-Commercial 

Residential 

Vacant-Parks 


4,220 

13,480 

8,120 

25,820 


Population 

Recent  population  growth  in  Omaha  has  resulted  in  west- 
ward expansion  of  the  city  limits  rather  than  an  increase 
in  population  density  in  the  study  area.  Future  growth, 
however,  is  expected  to  occur  in  the  study  area  as  the  River- 
front Development  Program  is  carried  out  and  the  downtown 
central  business  district  is  redeveloped.  This  growth  is 
projected  to  increase  the  study  area's  present  population 
from  173,000  to  189,000  by  1995  and  to  205,000  by  2020.  A 
breakdown  of  the  growth  in  the  study  by  sewer  service  areas 
is  presented  in  Appendix  A. 


Topography  in  the  study  area  is  greatly  influenced  by 
the  Missouri  River,  which  forms  the  eastern  limit  of  Omaha- 
Missouri  River  sewerage  system.  Along  the  eastern  edge  of 
the  study  area,  the  land  is  low-lying  flood  plain,  now  pro- 
tected by  a levee.  In  the  northern  half  of  the  study  area, 
the  land  rises  relatively  gradually  to  an  elevation  200  ft 
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above  the  Missouri  River,  five  miles  from  the  river.  In 
the  southern  half  the  land  rises  sharply  with  steep  bluffs 
200  to  500  ft  from  the  river.  These  bluffs  are  100  to 
150  ft  above  the  river  level. 

The  northern  half  of  the  study  area  contains  a large 
flood  plain  area  that  is  relatively  flat.  This  area  rises 
only  40  ft  above  the  Missouri  River.  Carter  Lake,  an  ox- 
bow lake,  lies  in  the  center  of  this  area  and  receives  sur- 
face runoff  from  the  surrounding  4000  acre  area.  The  rest 
of  the  northern  half  contains  rolling  hills  and  valleys 
that  slcpe  toward  the  Missouri  River. 

The  southern  half  of  the  study  area  also  contains  roll- 
ing hills  and  valleys.  The  main  topographic  difference 
between  the  two  halves  is  the  steep  bluffs  close  to  the 
river  in  the  southern  half. 

Trunk  sewers  in  the  study  area  follow  the  natural  drainage 
ways.  Except  for  the  flat  area  around  Carter  Lake,  the  >- 

study  area  drains  directly  to  the  Missouri  River.  Sewer 
gradients  generally  follow  the  natural  slope  of  the  land. 

Geology 

The  study  area  lies  within  the  Missouri  River  valley,  * 

which  has  been  eroded  into  the  broad  loess-mantled  upland 
till  plain.  The  bluffs  above  the  Missouri  River  are  com- 
posed mostly  of  loess  and  glacial  till;  and  in  some  cases 
bedrock  is  exposed  along  the  bluffs.  Overburden  in  the 
valley  consists  of  alluvium  and  alluvial  terraces.  The 
alluvium  ranges  in  thickness  from  60  ft  to  100  ft,  and 
is  composed  of  gravel,  sand,  silt,  and  areas  of  clay  that 
are  up  to  40  ft  in  thickness. 
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Beneath  the  alluvium,  about  2000  ft  of  sedimen- 
tary rock  overlie  Precambrian  granite  in  the  Omaha  area. 
The  rock  consists  largely  of  shale,  sandstone,  limestone, 
and  dolomite  ranging  in  age  from  Pennsylvanian  to 
Cambrian.  The  uppermost  bedrock  unit  underlying  the 
Omaha  area  is  the  Kansas  City  Group,  which  consists  of 
relatively  pure  limestone,  though  much  of  the  Group  is 
thin  bedded.  Underlying  the  Kansas  City  Group  is  the 
Marmaton  Group,  consisting  of  about  120  ft  of  shale  and 
beds  of  limestone.  Below  the  Marmaton  Group  is  the 
Cherokee  Group,  consisting  of  about  300  ft  of  thin  bed- 
ded shales,  siltstone,  and  sandstone.  This  Group  base 
marks  the  base  of  the  Pennsylvania  rocks.  Below  the 
Pennsylvanian  rocks,  and  about  450  to  700  ft  below  the 
surface,  is  about  200  ft  of  massive  limestone  and  dolo- 
mite of  Mississippian  age.  A discussion  of  the  engineer- 
ing geology  is  presented  in  Appendix  C. 

Climate 

Omaha  is  located  between  two  distinct  climatic  zones, 
the  humid  east  and  the  sub-humid  west.  As  a result  the 
summers  typically  are  warm  and  the  winters  cold  and  dry. 
The  study  area  is  subject  to  periodic  and  rapid  changes 
in  weather,  such  as  high- intensity  thunderstorms  that  may 
center  over  a localized  area.  The  mean  annual  precipita- 
tion is  28.5  inches  and  the  average  annual  snowfall  is 
31.2  inches.  Only  10  percent  of  the  total  annual  precipi- 
tation falls  during  the  winter  months,  while  75  percent  of 
the  total  falls  during  the  6-month  period  from  April  to 
September . 
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Rainfall  intensity-duration-frequency  tables  for 
the  Omaha  area  are  presented  in  Appendix  A,  Tables  A- 3 
and  A-4.  These  tables  provide  a basis  for  estimating 
the  magnitude  and  intensity  of  rainfall  events  of  dif- 
ferent recurrence  intervals.  Data  is  presented  for 
precipitation  events  of  1,  2,  5,  10,  and  25-year  recur- 
rence intervals. 

Overview  of  Problem 

Drainage  in  about  22,000  acres  of  the  study  area 
flows  naturally  toward  the  Missouri  River,  a circumstance 
taken  full  advantage  of  during  the  early  phases  of  con- 
structing sewers  in  Omaha.  Combined  sewers  to  carry 
both  sanitary  and  storm  water  by  gravity  were  constructed 
near  the  turn  of  century  and  into  the  1930 's  as  Omaha 
grew.  Domestic  sewage,  industrial  waste,  and  storm 
water  runoff  were  discharged  without  treatment  to  the  river. 
This  practice  of  continuously  discharging  raw  sewage  to 
the  Missouri  River  ended  in  1964  with  the  construction 
of  a ri/erfront  intercepting  sewer  system  that  conveys 
the  sewage  to  a primary  treatment  plant.  No  changes  to 
this  system  have  been  constructed  since  1964  so  that  when- 
ever the  rate  of  storm  water  runoff  exceeds  the  capacity 
of  the  intercepting  sewer  (about  50  times  per  year) , raw 
sewage  is  discharged  to  the  Missouri  River. 

Combined  sewer  overflows  annually  contribute  an 
estimated  four  million  pounds  of  BOD,,  and  eight  million 
pounds  of  suspended  solids  to  the  Missouri  River.  The 
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volume  of  overflows  is  estimated  to  be  over  5 billion 
gallons  per  year.  The  water  quality  of  the  overflow  is 
expected  to  vary  considerably  from  event  to  event;  but 
on  the  average,  it  is  estimated  to  have  concentrations 
of  100  mg/1  BODj.  and  250  mg/1  suspended  solids. 

The  solution  to  the  special  problems  in  the  Carter 
Lake  area  and  the  impact  of  the  Riverfront  Development 
Program  could  affect  the  approach  taken  to  alleviate  the 
combined  sewer  overflow  problem  in  Omaha.  Changes  in 
the  sewage  flow  rate,  in  the  required  treatment  plant 
capacity,  in  the  storm  runoff  rate,  in  the  peak  combined 
sewer  flow,  and  in  the  land  use  could  result  depending 
upon  the  impact  of  the  Riverfront  Development  Program 
and  the  solution  to  the  Carter  Lake  special  problems.  The 
magnitude  of  these  changes  could  have  some  impact  on  the 
existing  sewerage  system,  and,  consequently,  on  the  combined 
sewer  overflow  problem. 
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Chapter  II 

HIGH  GROUND  WATER  AND  SEPTIC  TANK  PROBLEMS 
IN  THE  CARTER  LAKE  AREA 

Problems  with  septic  tank  system  performance  and  high 
ground  water  are  prevalent  in  the  area  surrounding  Carter 
Lake.  Solutions  to  these  problems  may  affect  sewage  and 
runoff  tributary  to  the  Omaha-Missouri  River  Sewerage 
System.  The  affect  on  the  sewerage  system  may,  in  turn, 
impact  oh  the  formulation  and  evaluation  of  alternatives 
to  alleviate  combined  sewer  overflow  problems. 

Description  o_f  the  Carter  Lake  Area 

The  Carter  Lake  area  is  bounded  on  the  north,  east, 
and  south  by  the  Missouri  River.  The  western  edge  of  this 
area  extands  from  the  Missouri  River  north  along  the  Grace 
Street  outfall  ditch,  the  North  Omaha  Interceptor,  and 
13th  Street  to  the  Missouri  River.  The  focal  point  of  this 
area  is  Carter  Lake,  an  oxbow  lake  around  which  three  com- 
munities and  Eppley  Airfield  are  located.  Carter  Lake, 

Iowa,  is  located  in  the  crescent  formed  by  Carter  Lake. 

The  community  of  East  Omaha,  now  annexed  to  the  City  of 
Omaha,  lies  along  the  southeastern  edge  of  Carter  Lake.  East 
of  Carter  Lake  and  north  of  East  Omaha  is  Epj ’ey  Airfield, 
and  due  north  of  Carter  Lake  is  a small  residential  area 
which  is  part  of  the  City  of  Omaha  (referred  to  as  the  North 
Area  for  purposes  of  this  study) . The  locations  of  these 
areas  are  shown  in  Plate  2. 
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Populaticn  and  Land  Use 

The  total  1970  population  of  the  Carter  Lake  area  was 
about  6000  people  of  which  over  half  reside  in  Carter  Lake, 
Iowa.  The  distribution  of  the  present  and  future  popula- 
tion in  the  Carter  Lake  area  is  presented  in  Table  II-l. 
Population  is  projected  to  increase  only  for  Carter  Lake, 
Iowa.  All  of  the  present  and  projected  population  is 
assumed  to  be  within  the  three  existing  residential  areas. 

Table  II-l 

CARTER  LAKE  AREA  POPULATION  PROJECTIONS— ^ 


Population 


Area 

1970 

1995 

2020 

Carter  Lake, 

Iowa  3630 

5445 

7650 

North  Area 

1100 

1000 

1000 

East  Omaha 

1200 

1030 

1030 

Total 

5930 

7475 

9680 

1/  Source : 

Metropolitan  Utilities 

District 

See  Appendix  A for  alternative  population  projections. 

Present  land  use  is  either  residential,  vacant,  or 
industrial.  Approximately  500  acres  of  vacant  land  north  and 
northwest  of  the  North  Area  are  planned  for  new  industry.  Areas 
to  the  North  and  East  around  Carter  Lake  could  become  industrial 
within  the  proposed  planning  period.  As  part  of  the  Riverfront 
Development  Program,  new  low  density  residential  development  in 
Carter  Lake,  Iowa,  and  expansion  of  Eppley  Airfield  to  the  south 
is  planned.  Except  for  Carter  Lake,  Iowa,  no  further  residential 
development  is  projected  for  the  Carter  Lake  area,  as  indicated 
in  Table  II-l. 
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Topography  and  Geology 


The  Carter  Lake  area  lies  within  the  flood  plain  of  the 
Missouri  River.  It  is  a generally  flat,  low-lying  area,  pro- 
tected f::om  Missouri  River  floods  by  a levee.  Elevations 
within  the  Carter  Lake  area  generally  range  from  970  to  980 
ft  above  mean  sea  level  (msl) . The  Missouri  River  stage 
north  of  the  area  is  about  970  ft  msl  during  the  naviga- 
tion season. 

The  geology  of  the  Carter  Lake  area  is  similar  to  other 
flood  plain  areas  in  the  Omaha  vicinity.  It  is  underlain 
with  60  to  100  ft  of  flood-plain  alluvium,  which  is  report- 
ed to  be  fine  to  medium  sand  and  fine  pebbles,  covered  by  a 
mantle  of  silt  and  areas  of  clay  ranging  from  about  4 ft 
to  20  ft  thick. 

Soil  survey  maps  provided  by  the  Soil  Conservation 
Service  (SCS)  have  delineated  predominately  tight  surficial 
soils  over  the  North  Area.  The  SCS  has  mapped  the  North  Area 
as  Albaton  silt  loam  or  silty  clay  and  has  classified  both 
soils  as  unsuitable  for  septic  tank  and  tile  field  disposal 
of  sewage  because  of  the  generally  low  permeability  and 
periodically  high  water  table  conditions.  The  East  Omaha 
area  is  mapped  as  fill  (man-placed)  materia,.  It  is  pre- 
sumed to  have  wide-ranging  soil  properties  dependent  upon  the 
origin  of  fill  material  at  any  given  one  location.  The 
Carter  Lake,  Iowa,  area  is  mapped  as  deep,  well  drained  soils 
in  sandy  and  loamy  alluvium. 


Carter  Lake 

Carter  Lake  receives  surface  runoff  from  the  airport 
and  from  a residential  area  northwest  of  the  lake.  Water 
levels  in  the  lake  are  maintained  below  970  ft  msl  by 
pumpinq  lake  water  to  the  Omaha  sewerage  system.  Carter 
Lake  is  effectively  used  as  a stormwater  runoff  retention 
basin.  This  use,  however,  does  not  adversely  affect  sep- 
tic tank  system  performance  nor  ground-water  levels  in 
the  Carter  Lake  area. 

On  the  belief  that  high  lake  levels  caused  softening 
of  the  soil  under  the  airport  runways,  971.5  ft  msl  was 
established  as  the  upper  limit  desired  for  Carter  Lake. 

The  City  of  Omaha  tries  to  hold  the  elevation  at  970  ft 
msl  to  provide  emergency  capacity  in  the  lake  to  absorb 
storm  runoff  without  raising  the  lake  levei  above  971.5 
ft  msl.— ^ The  effect  of  stabilizing  Carter  Lake  water 
levels  on  the  airport  runways  has  been  found  to  be  negli- 
gible and  it  is  evident  that  the  Missouri  River  stage 
has  a much  greater  influence  on  the  ground  water  level  in 
the  Carter  Lake  area.  Thus,  the  concept  of  lowering  the 
ground  water  to  improve  septic  tank  operation  by  stabilizing 
Carter  L£ ke  water  levels  is  not  technically  feasible. 

Ground  Water 

The  unconsolidated  aquifer  is  relatively  well  connected 
to  the  deeply  incised  Missouri  River  Channel.  Thus,  it 
tends  to  receive  flow  at  the  northerly  side  of  the  area  and 

1/  Review  Report,  Carter  Lake,  U.S.  Army  Corps  of  Engineers, 

Novo.nber  1960. 
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to  discharge  to  the  southerly,  or  downstream,  side.  An 
additional  and  greater  amount  of  recharge  is  added  by  in- 
filtration from  rainfall  over  the  area.  Excessive  land- 
ward seepage  during  high  river  stages  is  prevented  by 
relief  wells  that  are  distributed  along  the  landward 
side  of  the  levee  and  flow  to  drainage  ditches  at  about 
elevation  972  to  975  ft  msl.  Water  levels  above  those 
of  the  unconsolidated  aquifer  occur  during  periods  of 
high  rainfall  where  surface  soils  have  low  vertical  perme- 
ability and  permit  a perched  water  table  condition  to 
develop. 

Water  levels  at  the  Eppley  Airfield  piezometer  ranged 
from  969.5  to  972  ft  msl  during  most  of  1972.  Piezometer 
readings  above  975  for  locally  heavy  rainfall  periods  dur- 
ing late  March  and  early  April  and  up  to  972.5  ft  msl 
during  September  were  recorded.  Similar  levels  are  report- 
ed in  a 1960  U.S.  Army  Corps  of  Engineers  study— ^ that 
shows  a ceneral  gradient  of  some  five  to  ten  feet  from 
north  to  south  across  the  area. 

1/  2/ 

Limited  water-level  records—  — indicate  that  Carter 
Lake  comprises  a net  discharge  area  most  of  the  time  by 
pumping  water  out  of  the  lake  when  the  water  level  exceeds 
970  ft  msl,  or  by  evaporation  during  dry  months.  The 
operating  experience  on  pumping  to  maintain  lake  levels 
and  the  clay  thickness  shown— ^ in  lake-bottom  borings 
suggest  that  Carter  Lake  is  poorly  connected  to  the  ground- 
water  aquifer. 

V Ibid. 

2/  Unpublished  data  on  river,  lake,  and  pjezometer  water 

levels,  Omaha  Airport  Authority,  1973-74. 
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Problem  Identification 


Residents  of  East  Omaha  and  the  North  Area  use  septic 
tank  and  tile  field  wastewater  disposal  systems.  The 
City  of  Omaha  has  extended  sewerage  service  to  Carter  Lake, 
Iowa,  Eppley  Airfield,  and  several  homes  in  East  Omaha.  The 
locations  of  the  existing  wastewater  disposal  systems  are 
shown  in  Plate  3. 

As  indicated  by  a survey  of  the  residences  in  the  East 
Omaha  and  North  Area  by  the  Douglas  County  Sanitarian,  many 
of  the  septic  tanks  are  undersized,  the  systems  are  20  to  50 
years  old,  and  it  is  doubtful  whether  many  of  them  have  tile 
fields.  Most  of  these  systems  were  installed  without  having 
a percolation  test  made  to  determine  the  capability  of  the 
soil  for  a tile  field.  About  half  of  the  residents  using 
septic  tanks  in  this  area  have  reported  various  degrees 
of  difficulty  with  these  septic  tank  systems  during  1973. 

The  high  ground-water  problem  is  not  as  well  documented 
as  the  reported  septic  tank  problems.  The  normal  fluctuation 
of  water  levels  does  not  affect  existing  structures  at  the 
airfield  where  the  land  surface  is  mostly  above  elevation  975 
ft  msl.— ' It  does,  however,  cause  infiltration  to  airport 
storm  sewers,  and  occasionally  has  caused  sufficient  loss 
of  fines  to  cause  collapse  of  the  storm  sewer.  The  County 
Sanitarian  has  reported  that  residents  in  the  North  Area  and 
East  Omaha  have  a problem  with  flooded  crawl  spaces,  apparently 

3/  Wi.rth,  Milton,  Airport  Authority,  Personal  Communication. 
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caused  by  high  ground  water.—  No  problems  with  high  water 
tables  are  reported  for  the  Village  of  Carter  Lake,  Iowa. 

Recommended  Plan 

The  provision  of  a separate  sanitary  sewer  system  to 
convey  wastewater  from  the  East  Omaha  and  North  Area  to  the 
Omaha-Missouri  River  sewage  treatment  plant  is  recommended 
for  elimination  of  the  problems  associated  with  poor  septic 
tank  performance.  Measures  to  alleviate  the  present  problems 
caused  by  the  high  ground-water  levels  are  not  recommended 
because  of  their  technical  infeasibility.  In  addition,  any 
residual  high  water  table  problem  will  be  small  if  the  septic 
tank  problems  are  eliminated.  It  is,  however,  recommended 
that  future  construction  in  the  Carter  Lake  area  incorporate 
appropriate  provisions  in  recognition  of  the  presence  of  a 
high  ground-water  level. 

The  areas  for  which  provision  of  sanitary  sewers  is 
recommended  are  shown  in  Plate  4.  The  North  Area  would  be 
served  by  a trunk  sower,  estimated  to  be  12-inches  in  dia- 
meter and  8000  ft  long,  leading  to  the  North  Omaha  Inter- 
ceptor, which  conveys  sewage  to  the  sewage  treatment  plant. 

The  East  Omaha  area  would  be  served  by  an  existing  trunk 
sewer  that  extends  to  Eppley  Airfield.  Part  of  the  trunk 
sewer  may  have  to  be  paralleled  in  future  years  if  expansion 

4/  Boson,  Jack,  Douglas  County  Sanitarian,  Personal  Communi- 
cation . 
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of  the  airport  facilities  continues.  The  initial  investment 
cost  of  the  collection  system  and  treatment  plant  addition 
is  estimated  to  be  $1,350,000  and  the  annual  operation  and 
maintenance  costs  are  estimated  to  be  $13,000. 

\ J 

Industrial  development  in  the  Carter  Lake  area  may 
^ , stimulate  construction  of  trunk  sewers  to  the  North  Area 

and  to  East  Omaha.  In  this  case,  connectirg  the  North  Area  to 
, the  Omaha-Missouri  River  Sewerage  System  would  be  more  cost- 

effective.  However,  the  cost  of  providing  sewer  service  to  the 
residences  of  the  North  Area  and  East  Omaha  is  mainly  attributable 
to  house  sewers  and  laterals.  Consequently,  the  present 
plans  of  Riverfront  Development  Program  will  not  increase  the 
feasibility  of  providing  sewer  service  to  East  Omaha  and  the 
North  Area. 

Impact  on  the  Omaha-Missouri  River  Sewerage  System 

The  additional  sewage  flow  to  the  Omaha-Missouri  River 
Sewerage  System  caused  by  extending  sewers  to  East  Omaha  and 
the  North  Area  is  estimated  to  be  0.23  mgd,  average  daily 
flow.  Ir  addition,  this  may  be  increased  by  significant  in- 
filtration caused  by  the  high  ground-water  levels.  The  ad- 
ditional BODj_  and  suspended  solids  are  estimated  to  be  385 
and  469  pounds/day,  respectively.  These  amounts  represent 
0.6  percent  of  the  present  average  daily  flow,  0.2  percent 

of  the  BOD^  load,  and  0.3  percent  of  the  present  suspended 

5 

solids  load  received  at  the  treatment  plant.  Therefore, 
extension  of  sewer  service  to  these  areas  will  have  negligible 
impact  on  the  existing  sewerage  system. 
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Because  of  the  flatness  of  the  area  to  be  served  around 
Carter  Lake,  provision  of  sewage  lift  stations  may  be  neces- 
sary. These  lift  stations  will  add  to  the  operation  and 
maintenance  tasks  of  the  city  crew  that  services  the  collec- 
tion system.  To  minimize  infiltration,  new  sewers  should  have 
tight  joints,  adequate  bedding  and  proper  alignment.  Adequate 
inspection  of  the  installation  of  the  sewers  is  also  necessary 
to  reduce  the  potential  for  infiltration. 

Alternatives 

Several  alternatives  were  formulated  and  evaluated  prior 
to  selection  of  the  recommended  plan  as  described  in  the  pre- 
vious section.  These  conceptual  alternatives  consisted  of 
the  following: 

1.  Lower  the  groundwater  table  by 

a)  Constructing  groundwater  drains,  or 

b)  Allowing  infiltration  to  sanitary  sewers. 

2.  Replace  all  malfunctioning  septic  tank  systems  with 

a)  New,  larger  septic  tank  systems,  or 

b)  Home  unit  package  treatment  plants 

3.  Convert  all  malfunctioning  septic  tanks  to  holding 
tanks  and  have  City  of  Omaha  pump  out  tanks  and 
transport  wastes  to  treatment  plant. 

4.  Relocate  residents  of  East  Omaha  and  the  North 


I 
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Alternative  No.  1^ 

Construction  of  groundwater  drains  or  allowance  of  in- 
filtration to  sanitary  sewers  is  technically  and  economically 
impractical  because  of  the  tight  surficial  soils  and  their 
low  permeability  in  the  North  Area  and  East  Omaha. 

Alternative  No.  2^ 

Alleviation  of  the  septic  tank  performance  problems  by 
the  replacement  of  poorly  operating  septic  tank  systems  with 
another  system  that  relies  on  efficient  use  of  a drain  field 
is  technically  unsound.  Both  new  septic  tank  systems  and 
home  treatment  units  require  an  adequate  drain  field  for 
effluent  disposal.  Soils  in  the  North  Area  are  classified 
as  poorly  drained,  tight  surficial  soils  and  unsuitable  for 
septic  tank  installation.  In  addition,  in  the  North  Area  the 
ground  water  is  too  high.  In  the  East  Omaha  area,  the  drain 
fields  may  be  in  adequate  soils,  but  the  ground  water  rises 
too  high  for  adequate  year-round  operation  of  systems  at 
elevation  974  ft  msl  or  below.  Residences  above  974  ft 
msl  and  located  on  adequate  soil  for  a septic  tank  drain 
field  in  East  Omaha  could  replace  an  inadequate  septic  tank 
system  with  a new,  similar  type  system;  but  this  alternative 
is  applicable  only  to  small  areas. 

Alternative  No.  3^ 

The  conversion  of  all  malfunctioning  septic  tanks  to 
holding  ranks  and  subsequent  hauling  of  sanitary  wastes  to 
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the  sewerage  system  is  an  extremely  expensive  and  cumbersome 
alternative.  The  high  cost  for  operation  and  maintenance  is 
one  of  the  disadvantages.  Just  as  importantly,  it  is 
expected  that  most  of  the  septic  tanks  in  the  older  systems 
(greater  than  10  years  old)  do  not  have  enough  capacity  to 
hold  more  than  three  days  waste  from  a residence.  With  about 
500  residences  in  the  problem  areas,  this  would  mean  that 
about  170  residences  per  day  must  be  tended  or  new  tanks  in- 
stalled. Because  of  the  high  costs  involved  and  the  imple- 
mentation and  operation  problems  anticipated,  this  alternative 
was  not  recommended. 


Alternative  No,  £ 

Relocation  of  the  residences  that  have  septic  tank  prob- 
lems would  end  the  problems  of  septic  tank  systems  in  the 
Carter  Lake  area.  However,  in  addition  to  the  high  cost  (on 
the  order  of  10  times  to  cost  of  the  recommended  plan),  the 
disruptive  effects  would  be  high,  and  public  acceptance  is 
unlikely.  However,  if  these  areas  become  industrial  the 
objections  would  be  somewhat  reduced. 
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Chapter  III 

ASSESSMENT  OF  THE  IMPACT  OF  RIVERFRONT  DEVELOPMENT 
ON  THE  OMAHA  - MISSOURI  RIVER  SEWERAGE  SYSTEM 

The  Riverfront  Development  Program  (RDP)  is  a comprehen- 
sive program  for  integrated  development  of  the  area  adjacent 
to  the  Missouri  River  in  Mills,  Pottawattami,  and  Harrison 
Counties  in  Iowa  and  Sarpy,  Douglas,  and  Washington  Counties 
in  Nebraska.  The  program  undertaken  by  the  Riverfront 
Development  Authority  consists  of  projects  to  encourage 
new  growth  along  both  sides  of  the  Missouri  River  for 
about  53  miles.  Projects  that  are  to  be  undertaken  in 
the  study  area  consist  of  five  new  industrial  site  develop- 
ments, six  new  residential  developments,  one  commercial 
shopping  area,  two  commercial  marinas,  and  conversion  of 
more  than  100  acres  of  developed  commercial-industrial 
land  to  open  space  and  parks.  The  locations  of  the  RDP 
projects  are  presented  in  Table  III-l.  Residential 
developments,  termed  "New  Tow ns -in- Town " , are  also  part  of 
the  RDP.  Although  their  areal  extent  is  undefined,  the 
general  locations  of  possible  development  are  shown  in 
Plate  5. 

The  impact  of  the  RDP  on  existing  sewerage  system  affects 
the  formulation  and  evaluation  of  alternatives  to  alleviate 
the  combined  sewer  overflow  problem.  Implementation  of  the 
projects  in  the  Omaha  area  may  change  the  rate  and  volume  of 
storm  runoff  tributary  to  the  sewerage  system  and  may  also 
change  the  characteristics  of  the  dry-weather  flow.  These 
changes  could  affect  not  only  the  size  of  the  alternative 
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facilities,  but  also  their  possible  locations.  The  land  use 
planned  for  certain  areas  under  the  RDP  may  be  in  conflict 
with  some  of  the  alternatives  or  may  contribute  to  alterna- 
tives such  as  sewer  separation  and  storm  runoff  retention. 

Table  III-l 

LIST  OF  PROPOSED 
RIVERFRONT  DEVELOPMENT  PROJECTS 


Location 

Number—7 

Present 
Land  Use 

Proposed  Project 

Area 

Acre: 

1 

Open  Space 

Commercial  Marina 

50 

2 

Open  Space 

Medium  Density  Residential 

80 

3 

Open  Space 

Light  Industrial 

240 

4 

Open  Space 

Light  Industrial 

320 

5 

Industrial 

Medium  Density  Residential 

60 

6 

Open  Space 

Low  Density  Residential 

175 

7 

Open  Space 

Low  Density  Residential 

100 

8 

Open  Space 

Parks  and  Recreation 

660 

9 

Residential 

Commercial,  Shopping  Area 

35 

10 

Open  Space 

Light  Industrial 

40 

11 

Open  Space 

Open  Space 

95 

12 

Open  Space 

Light  Industrial 

40 

13 

Open  Space 

Commercial  Marina 

90 

14 

Commercial- 

High  Density  Residential  & 

Industrial 

Park 

180 

15 

Open  Space 

Industrial 

100 

Total 

2265 

1/  Number 

corresponds 

to  location  number  in  Plate  5. 
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Assessment  of  Impact 

Implementation  of  the  RDP  will  change  land  use  of  about 
2265  acres  in  the  study  area.  A change  in  the  land  use  of  an 
area  is  often  accompanied  by  a change  in  the  drainage  charac- 
teristics and  a change  in  the  amount  and  strength  of  wastewater 
generated  within  that  area.  These  changes  have  an  impact  on 
the  sewerage  system.  The  magnitude  of  that  impact  is  depen- 
dent upon  the  area  of  land  involved,  the  difference  in  present 
and  new  land  use,  and  the  difference  in  present  and  future 
activity  within  the  area.  The  term  "activity"  is  used  to 
denote  cl  anges  in  the  intensity  of  land  use,  such  as  changing 
a warehouse  area  to  a meat-packing  area  but  still  retaining 
the  land  in  an  industrial  land  use  category. 

The  impact  of  a change  in  land  use  on  the  sewerage  sys- 
tem is  identifiable  in  terms  of  dry-weather  flows  and  wet- 
weather  flows.  Dry-weather  flows  are  greatly  influenced  by 
the  land  use  activity.  Wet-weather  flows  are  primarily  in- 
fluenced by  the  drainage  characteristics. 

Dry- Weather  Flows 

Dry-weather  flow  is  wastewater  without  dilution  by  sur- 
face runoff  and  consists  of  domestic  wastewater,  industrial 
wastewater,  and/or  wastewater  from  commercial  areas.  The 
strengths  and  flow  rates  of  the  dry-weather  wastewaters  from 
each  area  can  affect  the  operation  of  the  collection  system 
and  the  treatment  plant.  Table  III-2  presents  the  estimated 


range  of  change  in  the  average  dry-weather  wastewater  flows 
from  each  planned  land  use  or  activity  change  under  the  RDP. 
Peak  flows  discharged  from  each  area  might  be  as  high  as 
three  times  the  average  flow. 

Sewer  system.  The  existing  sewer  collection  system  in 
the  Omah^-Missouri  River  sewerage  system  is  a combined  sewer 
system  that  receives  surface  water  runoff  and  dry-weather 
sewage.  Flows  are  conveyed  to  the  treatment  plant  by  an 
interceptor  system  as  shown  in  Plate  6.  The  collection  sys- 
tem, which  drains  eastward  to  this  interceptor,  is  a combined 
system,  but  the  single  trunk  sewer  that  serves  Eppley  Air- 
field and  Carter  Lake,  Iowa,  is  a separate  sanitary  sewer. 

The  projected  incremental  dry-weather  sewage  flow  tri- 
butary to  the  interceptor  system  varies  greatly  depending 
upon  tho  type  and  size  of  industry  that  may  locate  in  an 
area.  The  incremental  sewage  flow  from  a change  in  residen- 
tial and  commercial  land  use  is,  however,  predictable  within 
a much  narrower  range  of  flows.  Consequently,  the  impact  of 
the  RDP  can  be  assessed  by  evaluating  the  capacity  of  the 
interceptor  system  remaining  for  industrial  flows  after  the 
commercia.  and  residential  flows  have  been  accounted  for. 

This  capacity,  which  is  estimated  to  be  available  for 
industrial  flows,  can  then  be  compared  to  the  range  of  indus- 
trial flows  projected  for  an  area. 

The  capacity  available  for  future  RDP  industrial  flow, 
as  shown  in  Table  III- 3,  is  dependent  upon  the  construction 
of  a facility  to  allow  treatment  of  combined  sewer  overflow. 
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ESTIMATED  AVERAGE  DRY-WEATHER  WASTEWATER  FLOWS  FROM 
RIVERFRONT  DEVELOPMENT  PROJECTS  IN  OMAHA,  NEBRASKA 
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If  no  such  facility  is  constructed,  the  total  average  dry- 
weather  flow  in  the  north  part  of  the  interceptor  system 
must  be  no  more  than  one-fifth  of  the  sewer  capacity.  For 
the  south  part  of  the  interceptor  system,  this  fraction  is 
one  third.— ^ These  fractions  were  established  by  the  U.S. 
Public  Health  Service,  Iowa  and  Nebraska  State  Health  Depart- 
ments, and  the  City  of  Omaha.  This  constraint  severely  limits 
the  future  industrial  growth  in  some  areas.  If  an  overflow 
prevention  facility  is  constructed,  then  these  dilution 
requirements  will  no  longer  apply  and  the  available  industrial 
capacity  will  be  equal  to  the  capacity  of  the  interceptor 
minus  the  peak  dry-weather  residential  and  commercial  flow. 

The  dilution  requirement  imposes  a severe  restriction 

on  future  industrial  development  in  the  Carter  Lake  area. 

Either  industrial  development  will  usurp  interceptor  capacity 

that  is  reserved  for  future  residential  growth,  or  only 

industries  that  generate  relatively  small  amounts  of  waste- 

water  can  be  allowed  to  develop  if  they  are  to  be  served  by 

the  Omaha-Missouri  River  sewerage  system.  This  restriction 

imposed  by  the  dilution  ratio  does  not,  however,  preclude 

development  of  large  water-using  industries  that  would  treat 

2/ 

their  own  wastewater.— 

Treatment  system.  The  present  treatment  plant  for  the 
Omaha-Missouri  River  sewerage  system  is  a primary  treatment 

1/  Interceptor  Sewers  and  Sewage  Disposal , Volume  1, 
Henningson,  Durham,  and  Richardson,  1958. 

2/  The  practice  of  new  industry  providing  treatment  of  its 
own  wastewater  is  discouraged  by  the  U.S.  EPA,  which 
stresses  non-proliferation  of  treatment  plants. 


plant,  sized  for  72  mgd  average  dry-weather  flow.  This  plant 
was  designed  for  a raw  waste  load  of  270,000  pounds  of  BOD,, 
per  day,  244,000  pounds  of  suspended  solids  per  day,  and 
IS, 000  pounds  of  grease  per  day.  The  present  average  dry 
weather  flow  is  estimated  by  the  City  to  be  28  mgd. 

The  increase  in  average  dry-weather  wastewater  flow  from 
residential  growth  in  the  entire  Omaha-Missouri  River  sewer- 
age area  is  estimated  to  be  1.5  mgd  by  1995,  based  on  100 
gpcd.  The  incremental  increase  in  wastewater  flow  as  a result 
of  the  RDP  projects  is  estimated  to  range  from  1.5  to  14.0 
mgd.  Thus,  the  1995  estimated  average  dry-weather  flow  to 
the  treatment  plant  could  range  from  41  mgd  to  53.5  mgd. 

This  range  of  flows  is  well  below  the  present  design  capa- 
city of  the  treatment  plant. 

The  a resent  primary  treatment  plant  is  estimated  to 
receive  180,400  pounds  of  B0Dr  per  day  and  163,500  pounds  of 
suspended  solids  per  day.  Additional  loads  from  projected 
population  growth  are  estimated  to  be  3000  pounds  of  BOD,, 
per  day  and  3600  pounds  of  suspended  solids  per  day  by  1995. 

By  1995,  the  increase  in  BOD,,  and  suspended  solids  loading 
due  to  changes  in  land  use  could  be  86,600  and  76,900  pounds 
per  day,  respectively,  without  overloading  the  treatment 
plant.  The  86,600  pounds  of  BOD,.  in  14  mgd  is  equivalent  to 
a concentration  of  742  mg/1,  which  is  about  twice  the  strength 
of  the  avoraqe  industrial  waste  tributary  to  the  treatment 
plant.  Thus,  it  appears  that  implementation  of  the  RDP  proj- 
ects would  not  cause  an  organic  overload  on  the  existing 
treatment  plant. 
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There  is  one  main  impact  on  the  treatment  plant  that 
would  result  if  the  RDP  is  implemented.  The  increase  in  flow, 
BOD^ , and  suspended  solids  associated  with  the  RDP  will 
increase  the  operation  and  maintenance  costs  of  the  existing 
treatment  plant.  In  addition  to  the  additional  pumping  and 
other  power  requirements,  more  sludge  will  be  generated  and 
disposed  of.  This  impact  cannot  be  assessed  quantitatively 
at  this  stage  in  the  RDP  program,  but  it  is  not  expected  to 
be  any  greater  than  would  be  expected  if  the  developments 
took  place  elsewhere  within  the  sewerage  system. 

Alternatives  for  Abatement  of  Combined  Sewer  Overflows . 
Several  of  the  alternatives  for  abatement  of  combined  sewer 
pollution  require  surface  storage  sites  to  be  located  in  areas 
that  are  RDP  sites  for  new  industrial  development.  If  the 
RDP  projects  in  areas  No.  3,  4,  10,  and  12  were  committed  as 
planned,  the  nonavailability  of  land  in  that  vicinity  poses  a 
severe  constraint  on  alternatives  that  require  surface  storage 
in  the  area  around  Carter  Lake. 

Wet- We a th jr  F 1 ows 

Wet-weather  flows  in  a combined  sewer  consist  of  a dry- 
weather  flow  plus  surface  runoff  and  inflow/infiltration.  The 
peak  flow  rate  during  wet-weather  conditions  is  primarily  a 
function  of  the  rate  of  surface  runoff,  which,  in  turn,  is  a 
function  of  land  use  and  rainfall  intensity.  Land  use  is 
important  because  it  influences  the  amount  of  land  that  is 
impervious  to  rainfall.  Heavily  industrialized  areas  may 
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have  95  percent  of  the  total  area  impervious  to  rainfall. 

Open  space  areas,  such  as  parks,  may  have  95  percent  of  the 
area  pervious  to  rainfall.  The  runoff  coefficient,  C,  in  the 
rational  formula,  indicates  the  imperviousness  of  an  area. 

High  values  of  C correspond  to  high  percentages  of  impervious 
land. 

The  impact  of  the  RDP  projects  on  the  peak  wet  weather 
flows  can  be  assessed  by  examination  of  the  change  in  the 
values  of  C in  each  sewer  service  area.  Values  of  C before 
and  after  the  realization  of  the  HOP  for  each  sewer  service 
area  are  presented  in  Table  III-4. 

As  indicated  in  Table  III-4,  the  RDP  projects  will  have 
negligible  impact  on  the  volume  of  runoff  from  the  combined 
sewer  service  areas,  but  will  significantly  increase  the  runoff 
in  the  Carter  Lake  area.  This  area,  however,  is  unsewered, 
and  consequently , there  is  no  impact  on  the  existing  seweraqe 
system.—^  If  the  area  is  sewered  in  the  future,  the  system 
will  not  ae  a combined  sewer  system  so  that  storm  runoff  will 
not  ente*:  the  existing  collection  system  from  this  area. 

It  is  possible  that  in  a few  local  areas  the  RDP  develop- 
ment may  cause  the  runoff  to  occur  faster  than  before.  These 

1/  There  will  be  some  impact  on  the  existing  sewerage  system 
if  the  City  continues  to  pump  Carter  Lake  into  the  North 
Omaha  Interceptor.  This  impact  would  be  minimal  because 
the  pumping  would  occur  after  the  storm  event.  Any  pump- 
inq  luring  a storm  event  will  be  negligible  relative  to 
the  amount  of  overflow  already  occuring.  Althouqh  the 
population  ia  expected  to  increase  with  the  RDP  projects 
a slight  decrease  in  the  runoff  coefficient  was  assumed 
for  the  remaining  areas  due  to  an  anticipated  increase  in 
open  space  and  park  areas. 
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situations  may  cause  local  flooding  problems;  but  with 
adequate  provisions  for  control  of  runoff  included  in  the 
site  development,  flooding  conditions  can  be  avoided.  Such 
provisions  may  include  parking  lot  detention,  roof  top  stor- 
age, and  porous  pavement.  The  City  of  Omaha  may  require 
controlled  release  of  surface  runoff  from  future  developments 
to  ensure  that  new  developments  do  not  cause  local  flooding. 

Table  iii-4 

RUNOFF  COEFFICIENT  VALUES  FOR 
SEWER  SERVICE  AREAS  AS  AFFECTED 
BY  THE  RIVERFRONT  DEVELOPMENT  PROGRAM 


Runof  f 

Coefficient—^ 

Runoff  Volume 

,-^A- f t 

Service  Area 

Present 

Future 

Present 

Future 

Grace  Street 

0.69 

0.68 

480 

470 

Burt-Izard  Street 

0.78 

0.  76 

730 

710 

Leavenworth  Street 

0.73 

0.71 

620 

605 

Monroe  Street 

0.65 

0.65 

470 

470 

Carter  Lake  Area-7 

0.  32 

0 . 4b 

565 

810 

1/  Recurrence  interval  of  2 5 years. 

2/  Area  east  of  interceptor  system,  in  the  vicinity  of  Carter 
Lake. 

uidel ines  for  Future  Assessment 

As  the  RDP  advances  from  the  various  stages  of  planning 
into  the  design  stages,  the  impact  of  the  proposed  projects 
will  be  assessable  in  more  quantitative  terms.  The  general- 
ized nature  of  the  RDP  plans  now  precludes  a detailed  assessment 
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of  a change  in  land  use  on  the  sewerage  system.  Guidelines  for 
assessment  of  future  land  use  changes  are  presented  below  as 
general  evaluation  criteria. 


Type  of  Land  Use 

The  type  of  land  use  affects  both  the  dry-weather  and 
the  wet-weather  flows  discharged  from  an  area.  Dry-weather 
flows  are  primarily  a function  of  activity,  which,  in  turn, 
is  dependent  upon  land  use.  Wet-weather  flows  are  dependent 
upon  land  use  because  they  are  a function  of  the  percent  of 
impervious  area. 

Once  land  use  is  established,  the  peak  runoff  rates  and 
total  runoff  volumes  for  various  recurrence  interval  events 
can  be  determined  and  checked  against  the  hydraulic  capacity 
of  the  receiving  sewers.  Problems  of  surcharging  the  sewer 
system  ard  causing  flooding  may  be  avoided  by  limiting  the 
runoff  discharge  rate  from  an  area  tributary  to  the  combined 
sewer  system.  Peak  flows  can  be  attenuated  by  proper  design 
of  surface  drainage  for  an  area  under  development. 

Runoff  volumes  from  an  area  may  affect  the  storage 
component  of  an  alternative  to  abate  combined  sewer  pollution. 
As  the  amount  of  imperviousness  increases,  the  runoff  volume 
increases.  Unless  the  land  use  change  involves  an  area 
greater  than  100  acres,  the  impact  will  probably  be  negligible. 


Change  i_n  Intensity  of  Use 

A change  in  intensity  of 
in  the  greatest  impact  to  the 


land  use  will  probably  result 
sewerage  system.  The  following 
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criteria  are  presented  for  the  assessment  of  the  impact  when 
a change  in  the  intensity  of  land  use  is  planned. 

Location.  The  location  of  a new  housing  development,  industrial 
site,  or  commercial  area  is  important  in  the  assessment  of  the 
new  activities  impact  on  the  sewerage  system.  The  location 
identifies  which  sewers  will  serve  the  area  and  establishes 
the  physical  constraints  on  the  development. 

• 

Wastewater  Flows . The  wastewater  flow  generated  from  a new 
activity  depends  upon  the  type  of  activity  and  its  size. 
Wastewater  from  industrial  plants  can  often  be  estimated  on  the 
basis  of  gallons  per  unit  of  product.  This  basis  varies  from 
industry  to  industry  and  is  helpful  only  when  the  industry  type 
is  known.  Wastewater  from  residential  areas  can  be  estimated 
on  the  basis  of  100  gped  for  average  daily  flow. 

The  impact  of  the  flow  from  a new  land  activity  must  be 
assessed  for  the  collection  system  and  the  treatment  plant. 

The  collection  system  may  be  locally  overloaded  by  a large 
point  source  of  flow  from  a new  activity. 

For  the  assessment  of  the  impact  on  the  collection  sys- 
tem, peak  flows  can  be  estimated  fairly  accurately  for  resi- 
dential, commercial,  and  open  space  areas.  Industrial  peak 
flows,  however,  vary  not  only  from  industry  to  industry,  but 
also  from  plant  to  plant,  shift  to  shift,  etc.  The  impact  on 
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the  collection  system  can  be  minimized  by  setting  a maximum 
allowable  peak  flow  from  an  area  so  that  the  sewer  capacity 
is  not  exceeded. 

Changes  in  flow  to  the  treatment  plant  affect  the  power 
and  chemical  requirements , the  detention  times , and  the  over- 
flow rates  and  can,  thus,  significantly  affect  the  process 
efficiency  of  the  treatment  plant.  The  magnitude  of  the  effect 
on  the  plant  can  be  assessed  by  comparing  the  change  in  flow 
to  the  existing  average  daily  flow.  As  the  magnitude  of  change 
increases,  the  effect  on  the  plant  increases. 

Wastewater  Characteristics . The  characteristics  of  the  wastewater 
affect  the  efficiency  of  the  treatment  plant  and  the  solids 
handling  units.  As  the  BOD,.  loading  increases,  the  efficiency  of 
the  plant  can  decrease.  Additional  BODr  and  suspended  solids 
add  to  the  amount  of  solids  to  be  handled  and  to  be  disposed 
of.  These  requirements  will  affect  operation  and  maintenance 
costs,  but  no  more  than  if  the  development  occurred  elsewhere 
in  the  service  area. 

In  addition  to  BOD^  and  suspended  solids , there  are  other 
wastewater  characteristics  that  can  affect  the  treatment  plant 
and/or  the  collection  system.  Certain  wastes  should  be  exclud- 
ed from  the  sewers.  These  wastes  include  wastes  that  create  a 
fire  or  explosion  hazard  in  sewers  or  treatment  plant;  wastes 
that  impair  the  hydraulic  capacity  of  the  sewers;  and  wastes 
that,  in  any  quantity,  create  a hazard  to  people,  to  the  sewer 
system,  to  the  treatment  process,  or  to  the  receiving  waters. 


Examples  of  wastes  in  these  three  categories  include:  1} 

gasoline,  fuel  oil,  and  cleaning  solvents;  2)  ashes,  sand, 
cinders,  metal,  rags,  and  unshredded  garbage;  and  3)  hydro- 
gen sulfide,  sulfur  dioxide,  and  cyanides  at  dangerous 

levels. 

Other  characteristics  that  have  an  adverse  effect  on  the 
sewerage  system  include  temperature  (above  150°F) , volatile 
oils,  strongly  acidic  wastes,  highly  alkaline  wastes,  and 
toxic  concentrations  of  copper,  chromium,  lead,  zinc,  arsenic, 
and  nickel.  These  characteristics  are  usually  found  only  in 
industrial  wastes  and  can  be  prevented  from  entering  the 
sewerage  system  if  proper  measures  are  taken. 

It  should  be  noted  that  the  location  and  flow  rates  are 
important  when  assessing  the  impact  of  the  waste  strength 
and  characteristics.  The  impact  of  a single  point  discharge 
is  lessened  as  it  is  diluted  in  the  collection  system.  Con- 
sequently, the  farther  north  a point  source  is  located  in  the 
Omaha-Mi ssouri  sewerage  area,  the  more  attenuated  its  effect 
wili  be  at  the  treatment  plant.  However,  for  wastewaters  with 
characteristics  that  affect  the  collection  system,  problems 
may  develop  at  and  near  the  point  of  discharge. 

Time  band  Use  or  Land  Activity  Change  Occurs 

The  scheduling  of  a change  in  land  use  or  activity  has 
an  impact  on  the  planning  of  new  treatment  facilities  and 
sewers.  ’uture  additions  to  a sewerage  system  are  not  only 
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dependent  upon  the  wastewater  flows  and  loadings  from  an  area, 
but  also  when  those  changes  are  going  to  occur. 

The  assessment  of  the  impact  of  proposed  changes  in  land 
use  and  the  activity  on  the  sewerage  system  can  be  simplified 
by  placing  constraints  on  future  development  to  ensure  that 
the  sewerage  system  will  accept  the  change  in  loading.  Con- 
straints include  land  use  zoning,  pretreatment  requirements 
for  certain  waste  discharges,  regulations  on  peak  flow  rates, 
and  sewe*  ordinances.  If  changes  in  land  use  and  activity  are 
planned  for,  any  adverse  impact  on  the  sewerage  system  can  be 
minimized.  Planning  may  involve  coordinating  construction  of 
a now  RDP  project  with  the  already  needed  construction  of  a 
new  sewer  or  with  part  of  a sewer  rehabilitation  program. 


Chapter  IV 

* 

. •<# 

DESCRIPTION  OF  THE  COMBINED  SEWER  SYSTEM 

t 

Mix  2d  storm  runoff  and  sanitary  sewage  can  be  discharged 
to  the  Missouri  River  from  20  overflow  points  in  the  Omaha- 
Missouri  River  sewerage  system.  Overflows  occur  whenever  the 
rate  of  storm  runoff  and  sanitary  sewerage  flow  exceeds  the 
capacity  of  the  interceptor  system.  These  discharges  of 
untreated  combined  sewage  will  be  in  violation  of  Nebraska 
state  law  after  December  31,  1975.  In  order  to  formulate 
aternative  plans  to  prevent  the  combined  sewer  overflows, 
an  understanding  of  the  sewerage  system  and  its  operation 
is  necessary. 

Sewerage  System 

Sewage  in  the  study  area  is  conveyed  by  trunk  sewers  in 
each  servi  :e  area  to  an  interceptor  system  that,  in  turn,  -con- 
veys the  sewage  to  a treatment  plant  providing  primary  treat- 
ment. This  : v stem , as  shown  in  Plate  6,  also  drains  storm 
runoff  from  service  areas  east  of  the  interceptor  system. 

Only  one  service  area  located  east  of  the  interceptor  system 
has  separate  storm  and  sanitary  sewers.  This  area  is  the 
Carter  Lake-Eppley  Airfield-East  Omaha  service  area. 

The  existing  collection  system  was  initiated  near  the 
turn  of  the  century.  Many  of  the  trunk  sewers,  built  between 
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1900  and  1930,  are  brick  construction  and  in  need  of  repair. 
These  trunk  sewers  originally  conveyed  sanitary  sewage  and 
storm  runoff  directly  to  the  Missouri  River.  Tn  1964  an 
interceptor  system  was  constructed  to  divert  sanitary  sewage 
and  some  of  the  storm  runoff  to  a primary  treatment  plant. 

No  other  major  changes  to  the  sewerage  system  have  been  con- 
structed so  that  discharges  of  combined  sewage  now  occur  about 
50  times  per  year. 

The  Omaha-Missouri  River  sewerage  system  consists  of  ten 
main  service  areas,  eight  of  which  are  combined  sewer  service 
areas  and  two  are  essentially  separated  sanitary  and  storm 
sewer  service  areas.  Wastewater  from  these  service  areas  can 
overflow  from  any  one  or  more  of  22  overflow  points.  Of  these 
overflow  points,  19  are  combined  sewer  overflow  points,  two  are 
sanitary  sewer  outlets  serving  the  Carter  hake  area,  and  the 
remaining  point  is  for  separate  storm  sewer  overflow  in  the 
Bridge  Street  area. 

Service  Areas 

The  sewer  service  areas  tend  to  conform  to  the  natural 
drainage  boundaries.  In  several  of  the  service  areas,  the  main 
trunk  sewers  were  constructed  in  natural  drainage  ways  such  as 
a creek  or  stream  bed.  Each  service  area  consists  of  a sewer 
collection  system  that  conveys  sewage  and,  in  nine  of  the  areas, 
storm  water  runoff  via  one  or  more  trunk  sewers  to  the  inter- 
ceptor system.  Only  one  service  area,  the  Carter  Lake-Eppley 
Airfield-East  Omaha  area,  does  not  have  combined  sewers. 
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The  amount  of  impervious  land  within  a service  area 
directly  affects  the  volume  and  rate  of  storm  runoff.  The 
runoff  coefficient,  used  in  the  rational  formula,  is  one 
measure  of  the  amount  of  impervious  area  within  a service 
area.  As  shown  in  Table  IV- 1,  the  runoff  coefficients  vary 
between  0.40  in  the  Mormon  Street  area  to  0.78  in  the  more 
built-up  Burt-Izard  service  area. 

Hie  Carter  Lake-Eppley  Airfield-East  Omaha  service  area 
has  no  effect  on  the  combined  sewer  overflow  problem  because 
no  st on  runoff  from  this  area  enters  the  interceptor  system. 

The  emergency  by-passes  to  the  Missouri  River  from  Eppley 
Airfield  arid  Carter  bake,  Iowa,  are  retained  only  for  use  in  case 
Lui  . The  Bri  Ige  street  service  area  has  been 
recently  separated.  Only  one  sanitary  sewer  connection  to 
the  that,  nning  purposes,  the 

area  is  considered  totally  separated. 


Table  IV-1 

SEWER  SERVICE  AREA  CHARACTERISTICS 


Sewer 

Service  Area 


Drainage 
Area,  Acres 


Runoff  ^ 
Coefficient- 


Number  of  Combined 

Sewer  Overflow  Points 
in  Service  Area 


Bridge  Street 

3915 

2/ 

0 

Mormon  Street 

315 

0.  40 

1 

Minne  Lusa  St. 

5360 

0.61 

1 

Grace  Street 

1680 

0.  69 

1 

Carter  Lake- 
Eppley  Airfield- 
East  Omaha 

4730— ^ 

2/ 

0 

Burt-Izard  St. 

2270 

0.  78 

2 

Leavenworth  St. 

2060 

0.  73 

4 

Greater  Missouri 

1620 

0.50 

7 

South  Omaha 

2115 

0.  59 

2^ 

Monroe  Street 

1760 

0.  65 

1 

Total 

25,825 

0. 64  wt . 

avg. 

19 

1/  Based  on  25 

year  recurrence 

interval 

and 

without  RDP 

Implemented . 

2/  No  storm  drainage  enters  system. 
3/  Includes  "U"  Street  outlet. 

Source:  U.S.  Army  Corps  of  Engineers. 
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Interceptor  System 

The  interceptor  system  consists  of  the  North  Omaha  Inter- 
ceptor, the  South  Omaha  Interceptor,  grit  removal  facilities 
and  pump  stations,  and  diversion  structures.  It  conveys  waste- 
water  to  the  treatment  plant  from  all  main  service  areas  except 
two,  the  South  Omaha  and  Monroe  Street  areas.  Trunk  sewers  from 
these  areas  discharge  directly  to  the  sewage  treatment  plant.  The 
interceptor  system  was  designed  to  convey  all  wastewater  to  the 
Missouri  River  plant  so  long  as  the  proportion  of  the  storm  water 
flow  to  the  design  dry-weather  flow  does  not  exceed  a prescribed 
ratio.  The  ratio  varies  depending  upon  the  location  of  the 
overflow  point.  For  the  North  Omaha  Interceptor,  which  is  up- 
stream of  the  Council  Bluffs  raw  water  intake,  the  ratio  is  5 
to  1.  For  the  South  Omaha  Interceptor,  the  ratio  is  3 to  1. 

Flows  causing  this  ratio  to  be  exceeded  are  not  diverted' to  the 
interceptor  system  and  are  discharged  without  treatment  to  the 
Missouri  River. 

North  Omaha  Interceptor.  The  North  Omaha  Interceptor  col- 
lects the  sanitary  sewage  from  the  Bridge,  Mormon,  Minne  Lusa, 
Grace,  and  Carter  Lake-Eppley  Airfield-East  Omaha  service  areas. 
The  sewer  ranges  in  size  from  30  inches  in  diameter  near  Bridge 
Street  to  a 10  ft  by  7.5  ft  box  sewer  at  Grace  Street.  There  are 
no  pumping  stations  in  the  North  Omaha  Interceptor.  During  times 
of  storm,  however,  the  portion  of  sewer  between  Minne  Lusa  Street 
and  Grace  Street  surcharges. 
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South  Omaha  Interceptor.  The  South  Omaha  Interceptor 
connects  with  the  North  Omaha  Interceptor  at  Grace  Street. 
This  interceptor  collects  flow  from  the  North  Omaha  Inter- 
ceptor and  the  Burt-Izard,  Leavenworth,  Missouri,  and  South 
Omaha  service  areas.  Between  its  beginning  at  Grace  Street 
and  the  Burt-Izard  overflow,  the  South  Omaha  Interceptor  con- 
sists of  a 60-inch  diameter  gravity  sewer.  From  the  Burt- 
Izard  lift  station  to  the  Leavenworth  lift  station,  the 
interceptor  consists  of  a 48- inch  diameter  force  main;  and 
from  Leavenworth  to  the  treatment  plant,  a 66- inch  diameter 
force  main. 

Grit  Removal  Facilities  and  Pump  Stations . Grit  is  re- 
moved from  all  wastewater  pumped  to  the  South  Omaha  Inter- 
ceptor. During  periods  of  high  runoff,  large,  heavy  objects 
are  carried  by  the  wastewater  to  the  outfall.  Some  of  these 
objects,  such  as  bricks  from  the  sewer  lining  and  tree 
branches,  are  diverted  to  the  grit  removal  and  pumping  faci- 
lities where  they  damage  equipment.  After  the  storm  runoff 
stops,  the  facilities  can  be  repaired,  but  only  by  by-passing 
the  dry-weather  sewage  directly  to  the  Missouri  River. 

All  of  the  existing  grit  removal  and  pumping  facilities 
along  the  South  Omaha  Interceptor  lack  provisions  for  pre- 
venting dry-weather  overflow  during  periods  of  repair  and 
mechanical  failure.  The  facilities  at  Burt-Izard  and 
Leavenworth  have  caused  the  greatest  problems.  The  Burt- 
Izard  facility  is  extremely  critical  because  the  flows  from 
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both  the  North  Omaha  Interceptor  and  the  Burt-Izard  service 
area  are  pumped  by  this  facility.  Whenever  repairs  are 
necessary  to  this  pumping  facility,  flows  must  be  by-passed 
directly  to  the  Missouri  River.  By-passing  because  of 
mechanical  failures  occurs  frequently  along  the  interceptor 
I system. 

The  city  is  planning  to  add  new  grit  removal  facilities 
1 near  the  Leavenworth  and  Burt-Izard  facilities.  The  new 

facilities  would  allow  repair  of  the  two  existing  facilities 
without  causing  a by-pass  of  dry-weather  flow  to  the  River. 

Diversion  Structures . The  diversion  structures,  located 
near  each  main  trunk  sewer  outfall,  control  the  quantity  of 
flow  diverted  to  the  interceptors.  These  structures  direct 
up  to  three  or  five  times  the  design  dry-weather  sewage  flow 
through  a coarse  bar  screen  and  into  a diversion  pipe  that 

leads  to  the  interceptor.  Overflows  occur  whenever  the  runoff 

1/  J ^ . 

rate—  exceeds  the  capacity  of  interceptor  system. 

Sewage  Treatment  Facilities 

The  present  waste  treatment  plant  was  placed  into  opera- 
tion in  1964  and  provides  primary  treatment  before  discharge 
to  the  Missouri  River.  The  hydraulic  design  capacity  of  the 
primary  treatment  is  72  mgd.  The  plant  was  designed  for  a 


raw  waste  load  of  270,000  pounds  of  BOD,.  per  day  and  244,000 
pounds  of  suspended  solids  per  day. 


Because  of  the  lack  of  adequate  grit  removal  equipment 
in  the  interceptor  system,  not  all  of  the  dry-weather  flow 
reaches  the  treatment  plant.  If  the  total  flow  actually 

reached  the  plant,  it  is  estimated  that  the  average  dry- 

27 

weather  flow  at  the  present  time  would  be  28  mod.—  More 
than  30  percent  of  this  flow  consists  of  industrial  wastes 
with  widely  varying  characteristics.  Most  of  the  indus- 
trial flow  and  load  comes  from  the  meat  packing  industry  in 
the  Monroe  Street  service  area. 

The  existing  plant  is  incapable  of  providing  a suffi- 
cient degree  of  treatment  for  the  combined  sewer  overflow. 
However,  the  city  plans  to  upgrade  this  plant  to  secondary 
level  treatment  by  provision  of  a completely  mixed  activated 
sludge  process  after  the  primary  facilities.  Secondary 
treatment  must  be  added  to  this  plant  by  December  31,  1975, 
in  order  to  comply  with  Nebraska  effluent  standards.  The 
treatment  capacity  of  the  planned  secondary  facility  is  65 
mgd. 

Sewerage  System  Performance 

The  present  sewerage  system  is  designed  to  capture  and 
convey  all  dry-weather  flow  to  the  existing  primary  treatment 


2/  In  1971  the  sewage  flow  was  estimated  to  38  mqd,  but  some 
of  the  meat  packing  industry  has  left  and  the  population 
has  decreased. 

3/  Data  obtained  from  the  City  of  Omaha,  Public  Works  Depart- 
ment . 


IV- 8 


plant.  Mechanical  failures  along  the  South  Omaha  Interceptor 

have,  however,  caused  by-passing  of  raw  sewage  directly  to  the 

Missouri  liver.  The  City  of  Omaha-^  estimates  that  the  dry- 

weather  by-passes  totalled  at  least  4.5  billion  gallons 

(13,000  A-ft  annual  or  average  of  12  mgd)  during  1973.  This 

3/ 

amounted  to  an  estimated—  5400  tons  of  BOD  and  3700  tons 

5 

of  suspended  solids. 

The  combined  sewer  collection  system  is  also  designed  to 
carry  sewage  and  storm  flow  to  the  interceptor  system.  In 
several  areas  the  collection  system  becomes  frequently  over- 
loaded during  a runoff  event,  and  basement  flooding  occurs. 
Along  the  interceptor  system,  there  are  20  overflow  points  that 
are  designed  to  allow  combined  sewage  to  discharge  directly  to 
the  Missouri  River  whenever  the  total  flow  exceeds  the  capacity 
of  the  interceptor  systems.  An  estimated  annual  overflow 

volume  of  5 billion  gallons  (15,300  A-ft)  is  discharged  to  the 

2/ 

Missouri  River.—  The  annual  overflow  contains  an  estimated 

load  of  2000  tons  of  BOD^.  and  4000  tons  of  suspended  solids. 

Based  upon  an  evaluation  of  20  years  of  precipitation  (1951 

through  1970) , the  volume  of  overflow  exceeds  330  A-ft  more 

4/ 

than  50  percent  of  times  of  overflow  occurrence.— 


3/  Data  obtained  from  the  City  of  Omaha,  Public  Works 
Department. 

4/  See  Appendix  A,  Hydrologic  Factors. 
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Chapter  V 


PLANNING  CRITERIA  FOR 
ALLEVIATING  COMBINED  SEWER  OVERFLOWS 

Several  planning  criteria  were  adopted  to  provide  a 
basis  for  comparison  of  alternative  measures  for  allevia- 
tion of  the  combined  sewer  overflow  problem.  These  criteria 
consist  cf  levels  of  treatment  (degree  of  treatment) , design 
storm  recurrence  intervals,  economic  factors,  hydrologic 
assumptions,  and  the  water  quality  characteristics  of  com- 
bined sewer  overflow  and  storm  runoff. 

Levels  of  Treatment 

The  level  of  wastewater  treatment  to  be  provided  is 
determined  by  effluent  quality  requirements.  Stricter 
effluent  requirements  (lower  concentrations  of  contaminants) 
can  be  met  by  providing  higher  levels  of  treatment.  For 
planning  purposes,  four  different  effluent  qualities  were 
selected  in  consideration  of  PL  92-500  and  current  U.S.  EPA 
guidelines.  These  effluent  qualities  and  associated  levels 
of  treatment,  as  presented  in  Table  V-l,  are  not  based  upon 
an  evaluation  of  the  assimilative  capacity  of  the  Missouri 
River. 

Three  of  the  four  levels  of  treatment  consist  of  second- 
ary treatment,  tertiary  treatment,  and  treatment  to  meet 
background  water  quality  of  the  receiving  stream.  These 
levels  are  based  primarily  on  PL  92-500  and  current  U.S.  EPA 
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guidelines.  The  fourth  level,  a variance  level,  was  selected 
because  the  U.S.-EPA  has  indicated—^  that  combined  sewer  over- 
flows may  not  require  a level  of  treatment  as  high  as  second- 
ary. For  planning  purposes,  the  variance  level  is  addressed 
only  with  respect  to  treatment  processes  capable  only  of  pro- 
ducing an  effluent  of  poorer  quality  than  that  expected  from 

secondary  treatment.  Effluent  concentration  of  50  mg/1  B0Dr 

5 

and  50  mg/1  suspended  solids  are  expected  from  such  facilities. 

The  cost  of  providing  higher  levels  of  treatment  increases 
significantly  from  one  level  to  the  next.  As  shown  in  Plate 
8,  the  total  present  worth  cost  of  advanced  treatment  is  about 
twice  the  cost  of  secondary  treatment;  and  the  total  present 
worth  cost  of  meeting  background  water  quality  is  triple  the 
cost  of  secondary  treatment. 


Secondary  Treatment 

Secondary  treatment  of  municipal  wastewater  is  capable 
of  limiting  effluent  concentrations  to  less  than  30  mg/1  BOD,. 

D 

and  30  mg/1  suspended  solids.  The  Nebraska  Department  of 
Environmental  Control  has  required  the  provision  of  secondary 
treatment  for  all  Nebraska  municipal  wastewater  treatment 
plants  by  December  31,  1975.  For  cost  estimating  purposes, 
secondary  level  treatment  has  been  assumed  achievable  by  the 
activated  sludge  process.  Variations  of  this  process  and 
other  secondary  treatment  processes  should  be  considered 
during  later  planning  stages. 


1/  "Secondary  Treatment  Information",  Federal  Register, 
Volume  38,  Number  159;  August  17,  1973. 
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Tertiary  Treatment 

PL  92-500  states  that  the  best  practicable  waste  treat- 
ment technology  (BPWTT)  shall  be  achieved  by  July  1,  1983. 

For  planning  purposes  the  BPWTT  is  assumed  to  be  tertiary 
treatment  that  not  only  removes  more  BOD,.  and  suspended  solids 
than  secondary  treatment,  but  also  90  percent  of  the  ammonia 
and  pr.osphorus.  For  cost  estimating  purposes,  this  level  was 
assumed  to  be  achieved  by  provision  of  two-stage  activated 
sludge  for  BOD  and  suspended  solids  removal  and  nitrification, 
addition  of  alum  for  phosphorus  removal,  and  sand  filtration 
for  additional  BOD,,  and  suspended  solids  removal. 

Background  Water  Quality  Level 

The  national  goal  as  stated  in  PL  92-500  is  to  eliminate 
discharge  of  pollutants  by  1985.  In  anticipation  of  specific 
guidelines  on  meeting  this  goal,  the  background  water  quality 
level  of  the  Missouri  River  is  assumed  to  be  the  required 
effluent  quality.  For  cost  estimating  purposes,  effluent 
water  quality  equal  to  the  Missouri  River  water  quality  is 
assumed  achievable  with  tertiary  treatment  plus  carbon  absorp- 
tion and  ion  exchange. 

Variance  Level 

The  variance  level  applies  to  combined  sewer  overflow 
treatment  facilities  which  achieve  less  than  secondary  level 
of  treatment  but  greater  than  that  expected  by  primary  set- 
tling. For  planning  purposes,  this  level  is  assumed  achievable 
with  screening  and  dissolved  air  flotation  as  described  in 
Appendix  D. 
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Hydrologic  Factors 


The  quantity  of  combined  sewer  overflows  and  storm  run- 
off from  the  study  area  have  been  estimated  on  the  basis  of 
selected  hydrologic  criteria.  These  criteria,  which  are  pre- 
sented ir.  Appendix  A,  are  summarized  below. 

Combined  Sewer  Overflows 

The  overflow  water  from  combined  sewers  during  rainfall 
events  with  recurrence  intervals  greater  than  one-half  year 
is  more  than  90  percent  runoff.  For  events  with  longer  recur- 
rence intervals,  the  percentage  of  overflow  that  is  attribu- 
table to  runoff  is  greater  than  99  percent.  For  this  reason, 
the  rate  and  volume  of  combined  sewer  overflows  in  the  study 
area  have  been  estimated  on  the  basis  of  runoff  rates  and 
volumes . 

Peak  runoff  rates  and  24-hour  runoff  volumes  were  esti- 
mated for  each  area  that  is  tributary  to  a combined  sewer 
overflow.  The  results  of  these  estimates,  as  presented  in 
Table  V-2,  are  based  on  assumed  times  of  concentration  and  a 
determination  of  the  runoff  coefficient  used  in  the  rational 
formula.  Rainfall  intensities  for  events  of  1,  2,  5,  10,  and 
25  years  recurrence  intervals  were  used  to  estimate  runoff 
and  peak  flow  rates. 

The  relationship  between  combined  sewer  overflows  and 
the  flow  of  the  Missouri  River  is  important  with  respect  to 
determining  the  impact  of  combined  sewer  overflows  on  the 
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Missouri  River.  During  the  navigation  season,  the  flow  of 
the  Missouri  River  is  maintained  at  about  30,000  cubic  feet 
per  second  (cfs) . During  the  winter  months  when  navigation 
ceases,  the  flow  is  reduced  to  about  10,000  cfs.  Because  the 
Missouri  River  flow  is  regulated,  it  is  possible  to  make  a 
general  statement  about  the  relationship.  More  than  90  per- 
cent of  the  overflow  events  in  Omaha  occur  during  the  naviga- 
tion season.  In  addition,  all  overflow  events  with  recurrence 
intervals  equal  to  or  greater  than  one  year  also  occur  during 
the  navigation  season  when  the  flow  of  the  Missouri  River  is 
30,000  cfs. 

Storm  Water  Runoff 

Several  areas  in  the  study  area  have  separate  storm 
sewers.  The  volume  of  runoff  from  each  of  these  areas  is 
based  on  the  same  type  of  analysis  as  was  done  for  the  com- 
bined sewer  overflows.  A runoff  coefficient  was  determined 
and  the  volumes  for  an  event  with  a 25-year  recurrence 
interval.  Peak  runoff  flow  rates  were  not  estimated.  The 
volumes  of  runoff  from  each  separate  storm  sewered  area  are 
presented  in  Table  V-3. 

Water  Quality  Criteria 

Characterization  of  the  water  quality  of  combined  sewer 
overflows  provides  a basis  for  formulating  and  evaluating 
various  pollution  abatement  alternatives.  The  results  of  a 
literature  search  to  characterize  both  combined  sewer  over- 
flows and  urban  storm  runoff  are  summarized  in  Appendix  A and 
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presented  in  Appendix  B.  Even  though  combined  sewer  overflow 
is  mainly  urban  storm  water  runoff,  the  water  quality  of  com- 
bined sewer  overflow  can  greatly  differ  from  the  water  quality 
of  separate  storm  water  runoff. 

Table  V-3 


SOURCES  OF  URBAN  RUNOFF 
FROM  STORM  SEWERS 


it 


1 

i 

f 

t 

? 

« 

! 


Estimated 

Receiving  Drainage  24  Hour  Runoff 


Location 

Body 

of  Water 

Area, 

Acres 

Volume , 
A-ft 

(lyr)-7 

(lOyr)-7 

(25yr)-/ 

Bridge  Street 
Service  Area 

Missouri 

River 

3914 

286 

590 

711 

Eppley  Airfield 

Carter  Lake 

600 

40 

80 

95 

Eppley  Airfield 

Missouri  River 

470 

7 

19 

24 

Northwest  of 
Carter  Lake 

Carter  Lake 

450 

32 

66 

80 

Leavenworth 
Service  Area 

Missouri  River 

95 

12 

25 

39 

1 / Recurrence  interval.  I 

Combined  Sewer  Overflow  Characteristics 

Pollutant  concentrations  in  the  overflow  from  combined 
sewers  are  relatively  high  at  the  beginning  of  a runoff  event, 

but  generally  begin  to  decrease  within  the  first  two  hours  of  I 
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runoff.  Thereafter,  the  concentrations  decrease  rapidly  as 
the  sanitary  sewage  becomes  more  diluted.  If  the  runoff  con- 
tinues for  more  than  12  hours,  the  concentrations  usually 
level  out  for  the  remainder  of  the  event.  The  initial  high 
concentration  of  pollutants  is  termed  the  "first  flush"  and 
is  reported  by  most  researchers. 

The  water  quality  characteristics  of  combined  sewer  over- 
flows are  reported  to  vary  from  runoff  event  to  runoff  event, 
overflow  point  to  overflow  point,  and  city  to  city.  However, 
for  planning  purposes,  concentrations  of  100  mg/1  B0Dr  and 
250  mg/1  suspended  solids  are  assumed  to  represent  average 
concentrations  during  any  runoff  event.  Initial  concentra- 
tions of  BOD,,  and  suspended  solids  are  assumed  to  be  250  mg/] 
and  400  mg/1,  respectively,  during  the  first  two  hours  of 
runoff.  As  shown  in  Plate  12,  these  concentrations  are 
assumed  to  taper  off  to  50  mg/1  BOD,,  and  200  mg/1  suspended 
solids. 


The  amount  of  pollutants  contained  in  a combined  sewer 
overflow  depends  upon  several  factors.  These  factors  are  the 
quantity  of  surface  material  washed  into  the  sewers,  the  quan- 
tity of  settled  matter  that  is  scoured  and  picked  up  by  the 
storm  flow,  and  the  percentage  and  strength  of  the  dry-weather 
flow  component  in  the  overflow.  Each  of  the  factors  may  be 
dependent  upon  the  rainfall  intensity  and  the  time  between 
runoff  events. 

The  rate  at  which  rainfall  washes  loose  particulate 
matter  from  street  surfaces  depends  upon  the  rainfall  inten- 
sity, street  surface  characteristics,  and  particle  size. 

I 


1 
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The  wash-off  phenomenon  has  been  simulated  by  a simple, 

.2/ 

exponential  equation—  : 

— k.  IT  t 

Nc  = No  (1  - e ) 

where  Nc  is  the  weight  of  material  of  a given  particle  size 
washed  off  a street  having  a loading  of  No  after  t minutes  of 
rainfall  at  an  intensity  of  r inches  per  hour.  The  propor- 
tionality constant  k depends  upon  street  surface  characteris- 
tics. Because  the  equation  is  exponential,  rainfall  inten- 
sities greater  than  a certain  value  will  not  substantially 
affect  the  amount  of  material  washed  off  the  street.  The 
build  up  of  material.  No,  will  depend  upon  the  time  between 
street  washing  (rainfall  or  street  sweeping) . 

The  amount  of  material  scoured  within  the  combined  sewer 
is  dependent  upon  the  velocity  of  the  combined  sewer  flow 
and  the  amount  of  material  that  has  been  deposited  since  the 
last  runoff  event.  At  this  time,  a quantitative  relationship 
between  rainfall  intensity  and  frequency  and  the  amount 
scoured  has  not  been  established.  However,  the  higher  rain- 
fall intensities  will  result  in  higher  flow  velocities  that, 
in  turn,  will  resuspend  more  settled  material.  Once  the 
sewers  have  been  scoured,  the  effect  of  higher  intensity 
rainfalls  will  be  negligible.  Time  between  runoff  events 
will  certainly  affect  the  amount  of  material  to  be  scoured. 

Early  spring  runoff  events  can  be  expected  to  contain  the 
heaviest  pollutant  loads  of  all  the  estimated  50  annual  over- 
flow events. 

2/  Sartor,  J.D. , and  Boyd,  G.B. , Water  Pol lution  Aspects  of 

Street  Surface  Contaminants , EPA-R2- 72-081 , November,  1972. 
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All  combined  sewer  overflows  will  contain  some  dry- 
weather  sewage  component.  The  maximum  percentage  that  can 
be  contained  in  the  overflow  is  dependent  upon  the  diversion 
structure.  Along  the  interceptor  system  in  Omaha,  the 
diversion  structures  prevent  discharge  of  overflow  until  the 
combined  sewage  contains  less  than  a set  percentage  of 
sewage.  Consequently,  during  a low  intensity  runoff  event, 
the  overflow  can  contain  20  percent  sewage  along  the  North 
Omaha  Interceptor  or  33  percent  sewage  along  the  South  Omaha 
Interceptor.  As  the  rainfall  intensities  increase,  the  per- 
centage of  dry-weather  sewage  component  decreases.  For 
events  with  recurrence  intervals  greater  than  one  year,  how- 
ever, overflows  contain  less  than  one  percent  dry-weather 
sewage.  Although  almost  all  of  the  dry-wea.:her  sewage  com- 
ponent is  discharged  in  the  overflow,  it  is  diluted  almost 
100  times  during  the  one  year  recurrence  interval  event. 
Finally,  the  percentage  of  dry-weather  component  in  the  com- 
bined sewer  overflow  is,  therefore,  independent  of  the  time 
between  runoff  events. 

Urban  Storm  Water  Runoff  Characteristics 

Urban  storm  water  runoff  carries  a lower  concentration 

of  BODj.  than  does  combined  sewer  overflow,  but  it  reportedly 

carries  a higher  suspended  solids  concentration.  Average 

BOD,,  and  suspended  solids  concentrations  are  assumed  to  be 
5 

18  mg/1  and  400  mg/1,  respectively.  For  purposes  of  this 
study,  it  was  assumed  that  urban  storm  water  runoff  could  be 
discharged  to  a receiving  water  without  treatment. 
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One  drainage  area,  which  has  separate  storm  sewers  but 
is  not  urban,  is  the  airport,  Eppley  Airfield.  Characteris- 
tics of  the  water  quality  of  its  runoff  may  be  substantially 
different  than  those  assumed  for  this  study.  Runoff  from 
the  runways  could  contain  deicing  agents  and  hexane  solubles 
such  as  oil  and  grease.  These  substances  may  cause  pollution 
of  the  receiving  water,  and  consequently,  may  have  to  be  re- 
moved prior  to  discharge.  Control  measures  should  be  applied 
if  this  storm  water  discharge  proves  to  adversely  affect  water 
quality. 


Selection  of  Recurrence  Interval 

The  magn;tude  of  a precipitation  event  and  its  result- 
ing combined  sewer  overflow  is  indicated  by  the  recurrence 
interval  between  equal  or  greater  events.  For  longer  recur- 
rence intervals,  the  corresponding  events  are  larger. 

Overflow  of  combined  sewers  is  caused  by  rainfall  and 
snowmelt  and  the  resulting  runoff  from  areas  tributary  to  the 
combined  sewers.  Prevention  of  combined  sewer  overflows 
caused  by  the  1-year  rainfall  event  will  also  prevent  com- 
bined sewer  overflow  caused  by  any  snowmelt  event  because  of 
the  relatively  high  intensity  of  the  rainfall  event. 

In  the  Omaha  area,  there  are  about  50  combined  sewer 
overflows  each  year.  By  constructing  a device  to  handle  and 
treat  runoff  from  a storm  with  a recurrence  interval  of  one 
year,  about  98  percent  of  the  overflows  (49  out  of  the  50) 
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would  be  prevented.  However,  all  storms  of  larger  magnitude, 
such  as  the  2-year  recurrence  interval  storm,  would  cause  an 
overflow  of  mixed  sanitary  sewage  and  storm  water  to  the 
river.  Selection  of  a recurrence  interval  for  evaluation 
and  comparison  of  alternatives  involved  consideration  of  how 
often  an  overflow  of  raw  sewage  is  tolerable  and  whether  con- 
trol to  that  recurrence  interval  is  economically  justifiable. 

Determination  of  a recurrence  interval  on  an  economic 
basis  is  dependent  upon  the  assignment  of  monetary  value  to 
the  benefits  derived.  It  is  not  possible,  within  the  con- 
text of  this  study,  to  assign  a monetary  benefit  to  the 
reduction  in  the  number  of  combined  sewer  overflows.  Intan- 
gible factors,  however,  such  as  aesthetic  qualities  and 
public  willingness  to  pay  were  taken  into  account  in  the 
process  of  selection. 

The  incremental  cost  of  preventing  one  additional  over- 
flow event  is  a concept  of  cost-effectiveness  that  has  been 
used  for  selection  of  a design  recurrence  interval.  If  a 
selected  design  recurrence  interval  would  allow  50  overflows 
in  100  years  (2-year  recurrence  interval)  and  the  additional 
cost  of  reducing  the  overflows  to  49  in  100  years  was 
$1,000,000  more,  then  the  incremental  cost  of  preventing  one 
more  overflow  for  the  2-year  recurrence  interval  is 
$1,000,000.  If  this  incremental  cost  were  $10,000,000  for 
the  50-year  recurrence  interval,  it  would  appear  that  pre- 
venting one  additional  event  for  the  50-year  recurrence  in- 
terval level  would  be  disproportionately  high. 
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A graphical  procedure  was  used  to  compare  and  evaluate 
different  recurrence  intervals.  The  number  of  overflows 
allowed  by  designing  for  a particular  recurrence  interval 
is  presented  in  Plate  9.  This  theoretical  relationship  is 
shown  fo'  a 100  year  period  in  which  there  would  be  about 
5000  overflows  (50  per  year  times  100  years).  By  designing 
for  the  1-year  recurrence  interval,  the  number  of  overflows 
would  be  limited  to  about  one  per  year  or  100  in  the  100 
year  period.  The  provision  of  a design  for  a 2-year  recur- 
rence interval  allows  50  overflows  in  100  years.  Thus,  the 
2-year  design  allows  50  overflows  less  than  the  1-year 
design,  but  30  more  than  the  20  allowed  by  the  5-year  design. 

As  shown  in  Plate  10,  the  cost  of  providing  capacity  to 
handle  larger  recurrence  intervals  increases  for  all  alterna- 
tives considered.  The  incremental  cost  of  designing  for 
longer  recurrence  intervals  and  preventing  additional  over- 
flows can  be  extracted  from  the  curves  on  Plate  10.  By 
dividing  the  incremental  cost  by  the  number  of  additional 
overflows  prevented,  an  incremental  unit  cost  of  additional 
protection  is  established.  As  shown  in  Plate  11,  the  result- 
ant curves  of  incremental  unit  cost  versus  total  present 
worth  cost  indicate  that  for  recurrence  intervals  above  five 
years,  the  incremental  cost  of  preventing  additional  over- 
flows rises  rapidly  and  there  is  diminishing  return  for 
incremental  investment. 

Although  the  optimum  design  recurrence  interval  was  not 
determined,  a recurrence  interval  of  five  years  was  selected 
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for  comparison  of  alternative  measures  to  alleviate  the  com- 
bined sewer  overflow  problem.  The  selection  of  a design  ; 

recurrence  interval  is  not  only  dependent  upon  the  cost  of 

the  project,  but  also  on  the  necessity  of  meeting  established  ; 

standards  and  on  the  impact  on  the  environment.  Design 

recurrence  intervals  greater  than  five  years  appear  to  have 

an  excessive  incremental  cost  for  additional  protection  and 

to  have  little  or  no  justification  in  view  of  the  high 

assimilative  capacity  of  the  Missouri  River.  The  selection 

of  a 5-year  recurrence  level  interval  is  also  consistent  with 

the  EPA's  draft  guidelines  for  Areawide  Planning  under  Sec.  208 

of  PL  92-500  that  indicate  that  recurrence  intervals  of  from 

1-  to  5-years  should  be  evaluated  for  intermittent  point  sources 

of  pollution. 

Cost  Evaluation 

Alternative  plans  for  the  abatement  of  pollution  from 
combined  sewer  overflows  are  evaluated  and  compared  primarily 
on  the  basis  of  cost.  Federal  EPA  guidelines  for  wastewater 
management  planning  were  followed  in  selection  of  the  cost 
criteria.  A discussion  of  the  selected  cost  criteria  is  pre- 
sented  in  Appendix  A and  summarized  below. 

I 

Cost  Criteria 
— — - 

The  following  criteria  were  used  to  evaluate  the  alterna- 
tives and  to  compare  them  on  the  basis  of  total  present  worth 
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cost.  Ttie  criteria  consist  of  a planning  period  from  the  pre- 
sent to  1995;  an  interest  rate  of  seven  percent;  an  economic 
life  of  50  years  for  sewers,  force  mains,  and  storage  basins, 
and  an  economic  life  of  25  years  for  pumping  stations,  lift 
stations  and  sewage  treatment  facilities. 

Costs 

Cost  estimates  were  prepared  for  each  of  the  alterna- 
tives. The  construction  costs  for  each  alternative  include 
the  initial  installation  cost  plus  35  percent  for  engineering, 
legal  and  administrative  fees,  and  contingency.  Costs  for 
system  components  are  based  on  an  ENR  Construction  Index  of 
2000,  representative  of  costs  as  of  March,  1974 

Land  acquisition  costs  are  included  in  the  total  pre- 
sent worth  cost  for  each  alternative.  The  unit  costs  for 
land  in  various  areas  are  presented  in  Appendix  A. 

. 
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PRELIMINARY  STUDY  OF  TWELVE  FEASIBLE  ALTERNATIVES 

Overflow  from  combined  sewers  is  now  recognized  as  a 
major  source  of  pollution.  Only  during  the  last  twenty  years 
has  this  intermittent  source  of  pollution  been  investigated 
to  characterize  its  waste  load  and  to  evaluate  ways  to  re- 
duce its  impact  on  the  receiving  stream.  Because  abatement 
of  pollution  from  combined  sewer  overflow  had  relatively 
little  impetus  prior  to  the  passage  of  PL92-500,  the  number 
of  combined  sewer  overflow  treatment  facilities  in  actual 
operation  is  quite  small.  Thus,  the  solution  to  the  combined 
sewer  overflow  problem  may  involve  construction  of  a system 
unprecedented  in  the  Omaha  area. 

A nu.nber  of  planning  steps  precede  the  final  design  of 
a combined  sewer  pollution  abatement  system.  These  steps 
are  necessary  to  ensure  that  the  constructed  facility  will 
meet  all  of  the  desired  objectives.  These  objectives 
include  cost-effectiveness,  ability  to  reliably  meet  the 
selected  level  of  performance,  compatibility  with  the  environ- 
ment, and  minimal  adverse  social,  economic,  and  environmental 
impact.  The  planning  steps  leading  to  final  design  is  the 
planning  strategy. 

The  planning  strategy  adopted  for  this  study  involves 
formulation  and  selection  of  alternative  concepts,  pre- 
liminary evaluation  of  alternative  concepts,  selection 
of  alternative  concepts  to  be  evaluated  as  alternative  plans, 
and  evaluation  of  alternative  plans.  This  strategy  allows 


consideration  of  a great  number  of  concepts  and  proportions 
the  degree  of  evaluation  to  a concept's  potential  for  being 
selected  for  the  final  design. 

Basic  Components  of  Alternatives 

Combined  sewer  overflows  are  characteristically  of  short 
duration  with  high  rate  discharges  of  polluted  water.  Pol- 
lutional  load  of  combined  sewer  overflows  can  be  reduced 
either  by  reduction  of  the  pollutants  that  enter  the  combined 
sewer,  elimination  of  the  combined  sewer,  or  treatment  of  the 
overflow. 

While  urban  housekeeping  is  an  important  factor.  Sartor 
and  Boyd— ^ have  reported  that  street  sweeping  can  only  reduce 
the  amount  of  pollutants  entering  the  combined  sewers  by  less 
than  50  percent.  Elimination  of  combined  sewers  is  not  a basic 
component  of  an  alternative,  but  a concept  in  itself. 

Treatment  of  the  combined  sewer  overflow  raises  several 
practical  problems  because  of  the  nature  of  the  overflow. 
Treatment  capacity  must  either  be  sized  to  handle  the  peak 
flow  during  the  short  overflow  period  or  the  overflow  rate  must 
be  attenuated  by  storage  to  allow  treatment  at  a lower  rate. 
Consequently,  storage  and  conveyance  become  the  other  two 
components  of  alternatives  to  abate  pollution  from  combined 
sewers.  Of  the  three  components,  treatment  has  received  the 
greatest  attention  from  researchers. 


1/  Sartor,  J.D.  and  Boyd,  G.B.,  Water  Pollution  Aspects  of 

Street  Surface  Contaminants,  EPA-R2-72-08~l~November , T972 . 


Treatment  of  Combined  Sewer  Overflow 


Treatment  components  can  be  divided  into  two  classes: 
those  that  handle  the  unattenuated  peak  flow  and  those  that 
are  coupled  with  some  storage  component.  Treatment  devices 
that  receive  the  unattenuated  peak  flow  characteristically 
provide  less  than  secondary  level  treatment.  The  effluent 
quality  from  these  high  rate  treatment  processes  (flow- 
through treatment)  falls  in  the  range  between  secondary  and 
primary  level  treatment.  On  the  other  hand,  treatment  pro- 
cesses that  receive  regulated  flow  from  a storage  facility  can 
provide  any  desired  effluent  quality. 

Flow-through  treatment . Several  treatment  processes 
designed  to  handle  unattenuated  peak  flows  have  been  developed. 
These  processes  rely  on  physical-chemical  processes  to 
remove  pollutants . Also  included  in  this  group  of  treatment 
processes  are  the  methods  of  disinfecting  combined  sewer  over- 
fows . 

Screening  and  dissolved-air  flotation  units  have  been 
tested  in  Milwaukee,  Wisconsin,  and  elsewhere.  The  unit 
screens  coarse  solids  and,  by  injecting  air  into  the  water, 
causes  much  of  the  colloidal  and  suspended  matter  to  float 
and  be  skimmed  off.  As  indicated  in  Appendix  D,  the  effluent 
from  these  units  would  generally  not  meet  the  requirements 
for  secondary  treatment. 


High-rate  filtration  has  been  demonstrated  at  Cleveland, 


Ohio,  to  provide  less  than  secondary  level  treatment 
when  used  with  a polyelectrolyte.  Flow  passes  through  a 
coarse  screen  and  then  through  a deep  bed  of  anthracite  coal 
and  sand.  This  treatment  facility  can  also  be  used  to  polish 
an  effluent  from  a secondary  level  treatment  plant.  In  that 
case,  the  coarse  screen  would  be  unnecessary. 

Microstraining  is  a tertiary  waste  treatment  process 
conventionally  used  to  polish  secondary  effluent.  Flow 
enters  the  open  end  of  a partially  submerged,  rotating  drum 
screen.  It  then  passes  through  the  fine  mesh  screens  that 
retain  the  solids.  As  the  drum  rotates,  the  part  of  the 
drum  above  the  water  surface  is  sprayed  with  water  to  remove 
solids  from  the  screen.  This  process  has  been  successful 
in  reducing  suspended  solids  concentrations  of  secondary 
effluents  to  10  mg/1,  but  it  has  not  been  demonstrated  to  be 
effective  for  treatment  of  combined  sewer  overflow. 

The  swirl  flow  regulator/solids-liquid  separator  pro- 
vides primary  level  treatment  of  combined  sewer  overflow. 

This  simple  device  is  designed  to  separate  settleable  and 
light  weight  organic  suspended  matter  from  the  overflow  at  a 
fraction  of  the  detention  time  required  for  conventional 
sedimentation.  Flow  is  directed  into  the  annular  shaped 
device  to  create  a swirl  action.  The  low-flow  concentrate 
is  diverted  to  the  sanitary  sewer  system  and  the  overflow  is 
discharged. 
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High-rate  disinfection  has  been  demonstrated  in 
Philadelphia,  Pennsylvania,  to  provide  99.99  percent  coliform 
kill  with  chlorine  dosages  of  10  mg/1  and  a detention  time 
of  two  minutes.  The  high  kills  are  achievable  with  short 
detention  times  and  low  dosages  because  of  the  intimate 
contact  between  overflow  and  chlorine  provided  in  contact 
tank  specially  designed  to  produce  a very  high  degree  of 
turbulence . 

Treatment  of  attenuated  flow.  Treatment  processes  in 
this  category  include  variations  of  the  activated  sludge 
process,  aerated  lagoons,  trickling  filters,  physical-chemical 
processes,  and  specific  unit  processes  that  are  used  with 
secondary  level  treatment  plants  to  obtain  higher  levels  of 
treatment  (tertiary  and/or  advanced.) 

The  activated  sludge  process  is  a biological  treatment 
process  that  employs  micro-organisms  to  remove  the  organic 
wastes.  These  organisms  are  mixed  with  the  wastewater  and 
oxygen  is  added.  After  several  hours  of  contact,  the 
organisms  are  settled  out  of  the  water  and  returned  to  be 
mixed  with  new,  incoming  wastewater.  After  clarification 
and  disinfection,  the  wastewater  is  discharged  as  a secondary 
level  effluent.  The  process  has  several  operating  mode 
variations,  depending  upon  the  characteristics  of  the  raw 
waste.  Dilute  wastes,  such  as  partly  stabilized  combined 
n wi>r  overflow  from  an  aerated  storage  basin,  can  be  treated 
ii.  i tivated  sludge  process  without  upset;  but  some  modi- 
. • . u » the  normal  operating  mode  may  be  required. 
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The  activated  sludge  process  can  be  readily  upgraded  to 
provide  higher  levels  of  treatment.  Nitrogen  removal  can  be 
accomplished  with  two-stage  nitrification  and  a denitrifying 
filter.  Further  BOD^  and  suspended  solids  can  be  removed 
with  carbon  absorption  and  sand  filtration. 

The  trickling  filter  is  another  biological  treatment 
process  similar  to  the  activated  sludge  process  except  that 
the  micro-organisms  are  attached  to  a fixed  medium.  The  waste- 
water  is  distributed  over  a stone  or  plastic  medium  upon  which 
the  micro-organisms  are  attached.  In  a variation  of  this 
process  the  medium  is  a plastic  disc'that  rotates  in  a trough 
of  flowing  wastewater.  The  trickling  filter  and  its  varia- 
tions are  slightly  more  adaptable  to  variations  in  the  inflow 
rate  than  the  activated  sludge  process. 

Aerated  lagoons,  mechanically  aerated  with  floating 
aerators,  can  provide  the  equivalent  of  secondary  treatment. 
This  biological  treatment  process  requires  long  detention 
times  of  at  least  ten  days  to  achieve  85  percent  BOD_  removal. 
This  treatment  process  can  be  easily  coupled  with  storage  of 
the  combined  sewer  overflow.  Unlike  the  activated  sludge 
process  and  the  trickling  filter,  the  aerated  lagoon 
efficiency  is  less  dependent  on  the  influent  constituent 
levels . 


In  Albany,  New  York,  raw  sewage  was  mixed  with  powdered 
activated  carbon,  coagulated  with  alum,  settled  with  polyelec- 
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efficiencies between  secondary  and  tertiary  level  treatment 
were  achieved.  This  process  also  appears  to  be  adaptable 
for  treatment  of  combined  sewer  overflows. 

Disposal  of  secondary  level  effluent  on  land  by  spray 
irrigation  is  an  alternative  to  discharging  to  a water  course. 
Spray  irrigation  can  be  economically  competitive  compared  with 
providing  advanced  waste  treatment  to  meet  background  water 
quality.  Land  disposal  beneficially  utilizes  nutrients  that 
otherwise  would  be  detrimental  to  surface  water  bodies  and 
is  also  an  attractive  method  in  areas  where  there  is  a shortage 
of  water  for  agriculture. 

Storage  of  Combined  Sewer  Overflow 

Storage  of  the  combined  sewer  overflow  is  necessary  if 
the  overflow  is  to  receive  a minimum  of  secondary  treatment. 
Storage  can  be  constructed  in  excavated  or  diked  earthen  reser- 
voirs, steel  or  concrete  tanks,  rubber  storage  bags,  or  mined 
underground  caverns.  In  addition,  combined  sewage  can  be  stored 
in  the  sewer  pipes,  or  storm  runoff  can  be  stored  before  it 
enters  the  combined  sewer  system.  In  the  study  area,  the  land 
use  and  topography  influences  the  attractiveness  of  individual 
storage  components. 

Earthen  Reservoirs.  Earthen  reservoirs,  at  or  near  the 
ground  surface,  could  provide  relatively  inexpensive  storage 
of  combined  sewer  overflow.  Several  construction  possibilities 
exist  for  an  earthen  reservoir  in  a particular  location. 

Large  diked  reservoirs  with  earth  embankment  sides, 
rising  to  15  to  20  ft  above  the  ground  surface,  could 
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be  constructed  in  large  open  space  areas.  They  would  provide 
the  least  expensive  storage  volume  because  the  only  excava- 
tion required  would  be  to  provide  fill  material  for  the  sides. 

Such  reservoirs  would  have  low  profiles  because  of  their  large 
surface  area.  The  earth  embankments  would  be  maintained  with 
grass  cover  and  could  be  landscaped  for  esthetic  quality. 

Diked  reservoirs  constructed  as  described  above  would 
cost  approximately  $4000  per  A-ft  of  volume  for  a representative 
total  voiume  of  1000  A-ft.  This  cost  is  based  on  construction 
of  a circular  reservoir  with  15  ft  embankments.  Reservoirs  of 
larger  volume  will  cost  less  per  A-ft  of  storage  volume. 

Diked  reservoirs  constructed  along  the  Missouri  River 
could  utilize  the  existing  levee  for  the  west  side.  Some 
excavation  would  be  required  in  addition  to  construction 
of  embankments.  Part  of  the  excavated  material  could  be 
used  for  the  construction  of  the  embankments,  but  some 
would  have  to  be  disposed  of.  The  area  between  the  levee 
and  the  Missouri  River  is  undeveloped  floodway.  Construc- 
tion of  a storage  reservoir  in  the  floodway  would  constrict 
the  floodway  and  might  necessitate  a slight  raising  of  up- 
stream levees  to  maintain  the  present  level  of  protection. 

The  exact  location  of  these  reservoirs  would  depend  upon 
the  desired  volume  and  potential  conflict  with  the  Riverfront 
Development  Program. 

The  cost  of  this  type  of  storage  is  approximately  2.5 
times  the  cost  of  the  ground  level  reservoirs  previously  described 
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because  of  high  ground  water.  The  estimated  cost  for  a volume 
of  2000  A-ft  is  about  $6750  per  A-ft. 

The  most  expensive  type  of  earthen  reservoir  is  excavated 
below  the  existing  grade.  This  type  of  basin  could  be 
located  just  about  anywhere  in  the  study  area.  If  located 
near  the  Missouri  River,  there  would  be  an  added  cost  to 
overcome  the  high  ground-water  table.  Excavated  basins,  15 
feet  deep  with  2.5:1  side  slopes,  are  estimated  to  cost  about 
10  times  the  cost  of  the  ground  level  diked  reservoir.  With  a 
clay  lining  and  under  drains,  a 100  A-ft  excavated  stor- 
age basin  is  estimated  to  cost  $17,500  per  A-ft. 

Steel  or  concrete  tanks . In  areas  where  open  storage, 
such  as  earthen  basins,  is  undesirable  or  where  it  is  desir- 
able to  locate  storage  below  ground,  concrete  or  steel  tanks 
can  be  used.  These  structures  can  be  buried  where  needed  and 
remain  out  of  sight.  Unfortunately,  when  these  tanks  are 
empty,  they  may  be  subject  to  upward  buoyancy  forces  caused 
by  the  high  ground  water.  Buried  storage  facilities,  where 
there  are  no  problems  with  buoyancy  forces,  are  estimated  to 
cost  about  $27,000  per  A-ft  of  storage  volume  (for  a 100  A-ft 
facility) . The  same  buried  storage  volume  constructed  along 
the  Missouri  River  would  cost  about  $190,000  per  A-ft. 

Mined  storage.  Mined  storage  is  an  alternative  to 
buried  storage.  Located  several  hundred  feet  below  the 
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surface,  the  storage  volume  would  be  mined  out  in  sound  rock 
formation.  This  type  of  storage  is  relatively  expensive, 
but  well  below  the  cost  of  buried  storage  where  high  ground 
water  conditions  exist.  For  storage  between  2000  and  5000 
A-ft,  the  unit  cost  is  about  $27,000  per  A-ft. 

Collapsible  bag  storage.  Collapsible  rubber  bags  locat- 
ed in  the  Missouri  River  could  be  used  to  retain  the  combined 
sewer  overflows.  Large,  flexible  containers  would  be  anchored 
to  the  river  bottom  in  collapsed  form  until  overflows  were 
discharged  to  them.  After  an  overflow  event,  these  containers 
would  be  pumped  out.  Cost  for  this  type  of  storage  is  esti- 
mated to  be  $120,000  per  A-ft. 

In--system  storage.  The  storage  of  surface  runoff 
before  i.t  becomes  combined  sewer  overflow  can  be  accomplished 
by  utilizing  the  volume  of  the  sewer  pipes  for  storage.  Con- 
trolled release  of  the  overflows  to  the  river  will  cause  the 
combined  sewage  to  fill  the  sewer  pipes  during  periods  of 
runoff.  Computer  regulated  controls  to  operate  overflow 
devices  near  the  combined  sewer  outlet  have  been  installed 
in  several  cities  and  their  performance  is  being  studied. 

Storage  of  rainfall  before  it  enters  the  sewer  system 
can  also  be  accomplished  by  utilizing  rooftop  storage, 
parking  lot  storage,  and  porous  pavements.  Storage  by  these 
methods  is  particularly  attractive  in  areas  undergoing  re- 
development or  newly  developing  areas. 
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Conveyance  of  Combined  Sewer  Overflows 

Combined  sewer  overflow  outlets  are  rarely  located  in 
places  suitable  for  inexpensive  storage  or  places  with  suf- 
ficient area  for  a treatment  facility.  Thus,  conveyance 
facilities  are  often  a component  of  an  alternative  concept 
or  plan  to  abate  pollution  from  combined  sewers.  Conveyance 
facilities  include  gravity  sewers,  force  mains,  open  chan- 
nels, and  tunnels. 

Gravity  sewers . The  flow  carrying  capacity  of  a gravity 
sewer  depends  upon  its  diameter,  its  slope,  and  the  coeffic- 
ient of  roughness  associated  with  its  material  of  construc- 
tion. Of  these  three  variables  the  coefficient  of  roughness 
will  have  the  least  effect  on  the  capacity  of  a gravity 
sewer  to  convey  combined  sewer  overflow.  Steeper  slopes 
allow  higher  carrying  capacities,  but  mean  increased  depths 
of  excavation,  higher  costs,  and  additional  lift  stations 
for  conveyance  over  a long  distance.  The  slope  can  be 
decreased  and  capacity  maintained  if  the  diameter  is  increased, 
but  this  also  increases  the  cost  significantly. 

Gravity  sewers  are  often  the  least  expensive  method  of 
conveying  wastewater.  However,  when  the  necessary  convey- 
ance capacity  requires  sewer  diameters  greater  than  6 ft, 
other  methods  of  conveyance  may  be  less  expensive.  Use  of 
gravity  sowers  to  convey  peak  flows  from  the  combined  sewer 
overflows  to  a storage  facility  is  very  expensive,  because  of 
the  large  diameter  and  steep  slopes  required. 
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Force  Mains . Conveyance  of  wastewater  under  pumping 
pressure  through  a force  main  is  normally  used  when  gravity 
sewers  require  excessive  depths  to  maintain  the  necessary 
slope  cr  when  the  discharge  point  is  at  higher  elevation  than 
the  starting  point.  Force  mains  are  not,  however,  practical 
for  conveyance  of  peak  combined  sewer  ovei flows  to  a storage 
facility.  The  required  pumping  power  that  must  be  available 
upon  demand  for  the  short,  intense  peak  flows  is  extremely 
high.  Force  mains  are  practical,  however,  for  conveyance  of 
stored  overflow  to  a treatment  facility. 

Open  Channels . Open  channels  are  an  alternative  to 
gravity  sewers.  Where  there  is  adequate  slope  and  available 
land,  open  channels  may  be  used  to  convey  high  peak  flows  at 
a lower  cost  than  a gravity  sewer.  Open  channels  are  rarely 
suitable  or  practical  for  conveyance  in  wastewater  flows  that 
require  gravity  sewer  diameters  less  than  6 ft. 

Tunnels.  Tunnels  for  conveyance  of  wastewater  havi  been 
constructed  in  several  European  and  U.S.  cities.  These 
tunnels  may  be  constructed  near  the  surface  ot  up  to  several 
hundred  feet  underground  in  sound  rock  formations.  The 
structural  integrity  of  some  rock  formations  can  allow  con- 
struction of  tunnels  up  to  40  ft  in  diameter.  This  size  is 
prohibitively  expensive  for  a conventional  gravity  sewer  near 
the  ground  surface.  Recent  construction  methods  have  reduced 
the  cost  of  tunneling  so  that  tunnels  with  diameters  greater 
than  6 ft  may  be  competitive  with  gravity  sewers. 
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Formulation  of  Conceptual  Components 

Alternative  concepts  can  be  formulated  by  combining  the 
basic  components.  The  number  of  possible  alternative  concepts 
becomes  far  too  great  to  evaluate  unless  many  are  eliminated 
from  consideration  on  the  basis  of  a brief  review.  Several 
alternative  concepts  may  then  be  attractive  for  evaluation. 
Based  upon  that  evaluation,  a select  few  may  then  be  consider- 
ed as  alternative  plans.  The  initial  process  of  screening 
the  numerous  possibilities  and  the  results  of  the  screening 
are  discussed  in  the  following  sections. 

Initial  Screening 

Morr  than  thirty  alternative  concepts  were  fomulated  on 
the  basis  of  combining  different  components.  Under  this 
section,  only  those  concepts  eliminated  during  the  initial 
screening  are  discussed.  Some  alternatives  are  eliminated 
because  of  technical  infeasibility.  Others  are  eliminated 
because  of  cost  considerations,  and  still  others  because 
they  could  not  perform  to  the  desired  minimum  level.  The 
concepts  c s listed  in  Table  VI- 1 are  still  a partial  list, 
but  they  do  represent  a fair  cross-section  of  alternative 
concepts  eliminated  by  initial  screening.  The  alternative 
concepts  listed  in  Table  VI-1  are  described  in  terms  of  their 
basic  components.  Concepts  with  flow-through  treatment  do 
not  have  storage  or  conveyance  components. 
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INITIAL  ALTERNATIVE  CONCEPTS  ELIMINATED  FROM  FURTHER  CONSIDERATION 
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Storage  in  deep  tunnel  conveyance  by  enlarging  Inadequate  storage  in 
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Alternative  concepts  that  differ  only  in  selection  of  a 
treatment  process  were  eliminated  from  further  consideration 
because  the  selection  of  a particular  treatment  process  would 
have  an  insignificant  impact  in  the  comparison  of  these 
alternatives.  Although  some  of  these  alternative  concepts 
are  eliminated,  the  refinement  of  selected  alternative  plans 
may  still  incorporate  components  of  these  alternative  con- 
cepts. An  example  might  be  the  use  of  a swirl  flow  separator 
to  decrease  the  size  and/or  cost  of  a treatment  component  in 
a selected  alternative  plan. 


Alternative  Concepts 


Twelve  alternative  concepts  (not  shown  in  Table  VI-1) 
were  retained  after  the  initial  screening  process.  These 
concepts  represent  a range  of  solutions  that  appear  to  be 
technically  feasible,  environmentally  compatible,  and 
economically  reasonable. 


Several  general  assumptions  regarding  the  sizing  of  the 
components  were  made  to  facilitate  the  comparison  of  the 
alternative  concepts.  These  assumptions  concern  storage  and 
pump-out  facilities,  treatment  facilities,  and  the  basis  for 
sizing  of  components.  Each  alternative,  except  for  sewer 
separation,  is  sized  and  costed  to  provide  the  equivalent 
of  secondary  treatment  for  overflow  events  with  recurrence 
intervals  of  five  years  or  less.  Total  present  worth  costs 


are  based  upon  a 50-year  period  and  interest  rate  of  7 percent. 
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The  various  types  of  storage  facilities  studied  included: 
open  excavated  surface  reservoirs,  open  ground  level  diked 
reservoirs,  covered  and  buried  concrete  tanks,  and  mined  under- 
ground reservoirs.  In  most  cases  the  storage  facilities  would 
be  equipped  with  surface  aerator-.'  to  maintain  aerobic  condi- 
tions, prevent  odors,  and  provide  sufficient  mixing  of  solids 
for  eventual  discharge  to  treatment  facilities. 

Storage  is  sized  to  provide  enough  volume  to  contain  the 
first  48  hours  of  runoff.  It  is  assumed  that  evacuation  of 
the  storage  facility  will  be  initiated  within  the  first  24 
hours  of  the  event  and  will  be  at  a high  enough  rate  to  ensure 
storage  of  subsequent  runoff  events  during  the  evacuation 
period. 

The  maximum  rate  at  which  the  overflows  would  be  evacuated 
from  the  storage  facilities  is  assumed  to  be  the  maximum  rate 
at  which  the  existing  interceptor  could  accept  the  stored 
wastewater  during  periods  of  dry  weather  flow.  This  maximum 
rate  is  estimated  to  be  90  cfs,  or  60  mgd.  It  is  further 
assumed  that  reservoir  evacuation  would  be  confined  to  a period 
of  18  hours  of  each  24  hour  day  in  order  to  permit  use  of  less 
costly  off-peak  electric  power.  Flows  also  would  be  pumped 
during  dry  weather,  low  flow  periods  to  match  the  peak  hydrau- 
lic design  capacity  of  the  Missouri  River  sewage  treatment. 

Based  on  the  above  rate,  the  maximum  evacuation  time  for  a 
5-year  recurrence  interval  is  approximately  20  days. 

The  future  expansion  of  the  existing  Missouri  River  primary 
treatment  plant  will  provide  for  secondary  treatment  of  the 
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dry-weather  sanitary  sewage.  For  most  of  the  alternatives 
studied,  it  was  assumed  that  some  of  the  stored  combined 
sewer  overflows  could  be  handled  by  the  treatment  plant 
during  dry-weather  low-flow  periods.  It  was  also  assumed 
that  the  remaining  stored  overflows  would  be  handled  by 
additional  capacity  or  further  expansion  at  the  proposed 
activated  sludge  treatment  facilities  beyond  the  proposed 
65  mgd  capacity.  An  additional  20  to  30  mgd  treatment 
capacity  may  have  to  be  provided  for  handling  the  remaining 
stored  overflow. 

Advanced  waste  treatment  processes,  using  multi-media 
filtration,  carbon  absorption,  and  ion-exchange  could  be 
added  to  the  treatment  plant  facilities  to  achieve  a higher 
degree  of  treatment.  However,  the  cost  of  these  facilities 
would  be  common  to  all  alternative  concepts  providing 
secondary  treatment.  Therefore,  the  cost  of  providing  higher 
levels  of  treatment  are  not  required  to  compare  alternatives. 

Areas  that  were  not  considered  as  contributing  to  the 
total  combined  sewer  overflows  are  the  Carter  Lake  area  and 
Eppley  Airfield.  Separate  sewers  are  recommended  throughout 
these  areas. 

The  performance  of  each  alternative  concept  during  events 
of  larger  magnitude  than  the  design  basis  is  approximately  the 
same.  An  estimate  of  the  B0D,_  concentration  in  the  overflows 
caused  by  events  that  exceed  the  desiqn  recurrence  interval 
is  shown  on  Plate  13,  based  on  capturing  the  "first  flush" 
effect  in  the  storage  facility.  A conservative  estimate  of 
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the  overflow  BOD^  concentration  would  average  between  50  and 
100  mg/1  depending  on  the  recurrence  interval  of  the  overload 
event.  The  actual  concentration  is  likely  to  be  lower  since 
some  retention  would  take  place  in  the  aerated  storage  faci- 
lity prior  to  discharge  of  the  overflow. 

The  twelve  alternative  concepts  considered  and  discussed 
in  the  following  sections  are  listed  below: 

1.  Buried  Storage  at  Outfalls. 

2.  Diked  Storage  Along  Levee. 

3.  Upstream  Retention. 

4a.  Deep  Tunnel  North  to  Ground  Level  Storage. 

4b.  Excavated  Storage  North  - Deep  Tunnel  South  to 
Ground  Storage. 

5a.  Deep  Tunnel  With  Mined  Storage. 

5b.  Excavated  Storage  North  - Deep  Tunnel  to  Mined 
Storage  South. 

6.  Flow-Through  Treatment  With  Storage  at  Outfall. 

7.  Sewer  Separation. 

A.  In-system  Attenuation  Devices. 

B.  Deep  Tunnel  to  the  Papillon  Creek  S.T.P. 

C.  Flow-Through  Treatment  for  "First-Flush". 

Alternative  concepts  are  evaluated  and  judged  on  the 
basis  of  total  costs  and  intangible,  subjective  considerations. 


The  costs  of  the  alternatives  studied  are  summarized  on 
Plate  14.  Subjective  evaluations,  such  as  likelihood  of 
public  acceptance,  disruptive  effects,  etc.,  are  summarized 
for  all  the  alternatives  on  Plate  15. 

Alternative  1^  - Buried  Storage  at  Outfalls  - This  alternative 
uses  buried  concrete  storage  tanks  located  at  the  major  over- 
flow points  along  the  main  interceptor  route.  The  stored 
overflows  would  be  discharged  to  the  existing  interceptor 
system  and  treated  at  the  upgraded  Missouri  River  treatment 
plant.  This  alternative  is  illustrated  on  Plate  16,  which 
shows  approximate  locations  of  the  buried  storage  tanks. 

The  storage  tanks  would  be  sized  according  to  runoff 
volume  from  each  of  the  service  areas.  Industrial  tracts  and 
large  parking  lots  could  serve  as  potential  sites  for  the 
buried  storage  tanks.  The  overflows  would  be  diverted  to 
the  buried  storage  facilities,  aerated,  and  stored  for  a 
maximum  of  20  days.  The  tanks  would  be  evacuated  by  pumping 
to  the  existing  interceptor  system  at  a maximum  rate  of  60 
mgd.  The  overflows  would  then  receive  necessary  treatment 
at  the  expanded  Missouri  River  treatment  plant.  The  buried 
storage  facilities  might  use  diffused  air  instead  of  surface 
aerators  due  to  possible  lack  of  headroom  and  restrictions 
in  available  freeboard.  During  dry  weather  periods,  the 
storage  tanks  could  be  emptied  and  cleaned.  Screening  equip- 
ment would  be  provided  at  the  tank  inlet  for  removal  of  large 
solids.  A typical  storage  tank  would  be  600  ft  square 
ranging  from  25  to  30  ft  deep  with  approximately  three  to 
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five  feet  of  cover  below  the  existing  grade.  Storage  require- 
ments for  the  5-year  recurrence  interval  would  average  200 
acre- feet  per  basin. 

The  construction  of  buried  tanks  at  the  individual  out- 
falls would  have  a short-term  local  environmental  impact  due 
to  increased  traffic  of  construction  vehicles.  The  major 
impact  of  the  construction  of  holding  tanks  would  be  the  dis- 
posal of  several  million  cubic  yards  of  spoil  material,  con- 
sisting mainly  of  coarse  and  fine  grained  sand.  If  construc- 
tion uses  could  not  be  found  for  the  material  (e.g.,  levees, 
roads,  landfill),  it  would  have  to  be  placed  at  a disposal 
site  selected  for  minimum  environmental  impact. 

This  alternative  would  entail  estimated  initial  construc- 
tion costs  of  $536  million  and  total  annual  operation  and 
maintenance  costs  of  $3.3  million.  The  estimated  total  pre- 
sent worth  cost  is  $589  million.  This  cost  estimate  includes 
construction,  operation,  maintenance,  additional  treatment 
facilities  at  the  Missouri  River  plant,  and  land  acquisition. 
The  individual  component  costs  are  shown  on  Plate  14.  The 
storage  costs  for  this  alternative  are  high  because  high 
ground  water  conditions  would  necessitate  expensive  construc- 
tion features  to  overcome  buoyancy  forces  when  the  tanks 
are  empty.  Land  acquisition  costs  would  be  low  since  storage 
facilities  could  be  located  under  existing  parking  lots  and 
industrial  tracts. 

This  alternative  has  the  advantage  of  eliminating  the 
need  for  additional  grit  removal  and  by-pass  facilities  sched- 
uled for  construction  at  the  existing  outfall  points.  If 
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the  grit  removal  facilities  are  shut  down  for  maintenance, 
dry  weather  by-passes  and  wet-weather  overflows  could  be 
discharged  to  the  buried  storage  facilities  instead  of  to  the 
Missouri  River.  In  addition,  the  basins  could  be  used  for 
temporary  storage  of  dry-weather  flows  if  a failure  or  shut 
down  should  occur  at  the  Missouri  River  Sewage  Treatment 
Plant.  Other  advantages  include  negligible  visual  impact  on 
the  area  since  the  facilities  are  buried.  Disadvantages  of 
this  alternative  are  the  extremely  high  costs  and  the  problem 
of  obtaining  necessary  sites  for  the  buried  facilities. 

Alternative  2_  - Diked  Storage  Along  Levee  - This  alternative 
would  utilize  diked,  open  storage  reservoirs  located  in  the 
Missouri  River  floodway  outside  the  flood  control  levees. 

These  elongated  reservoir  areas,  located  on  the  river  side  of 
the  levee,  would  store  the  overflows  for  release  to  the  exist- 
ing interceptor  system  and  treatment  at  the  upgraded  Missouri 
River  treatment  Plant. 

It  is  estimated  that  at  least  three  reservoirs  would  be 
required  to  retain  the  combined  sewer  overflows  from  the  study 
area.  The  two  northern  reservoirs  would  serve  the  Minne-Lusa 
and  Grace  Street  areas.  The  third  reservoir  would  serve  the 
southern  portion  of  the  study  area.  The  approximate  locations 
of  the  reservoirs  are  shown  on  Plate  17. 

The  reservoirs  would  resemble  channels  approximately  200 
to  300  ft  in  width  and  one  to  three  miles  in  length  with  15  to 
20  ft  of  liquid  depth.  Trashracks  and  screens  would  be  util- 
ized at  the  outfalls  to  remove  large  debris.  Overflows  would 


be  lifted  to  the  reservoirs  from  newly  constructed  outfall 
overflow  sumps  by  low  lift  screw  pumps.  Some  of  the  outfalls 
would  be  interconnected  by  open  channels  or  relief  sewers  to 
minimize  the  number  of  screw  pump  facilities  required.  Out- 
fall points  presently  utilizing  diversion  channels  such  as 
the  Grace  Street  channel,  would  be  expanded.  A minimum  amount 
of  permanent  liquid  depth  would  be  maintained  to  provide  a 
liquid  seal  to  prevent  odor-producing  conditions. 

The  reservoir  channels  would  be  equipped  with  floating 
mechanical  aerators  to  maintain  aerobic  conditions  and  suspen- 
sion of  lighter  organic  solids.  During  dry-weather  periods, 
a minimum  number  of  aerators  would  be  used  to  reduce  power 
usage.  Some  permanent  deposition  of  heavier  inorganic  grit 
material  would  occur.  Periodic  dredging  (once  in  10  years) 
may  be  required  to  restore  the  reservoir  capacity.  The 
stored  overflows  would  be  pumped  back  into  the  existing  inter- 
ceptor system  for  treatment  at  the  Missouri  River  plant,  as 
described  in  Alternative  1. 

This  alternative  would  encroach  on  the  Missouri  River 
floodway  causing  a rise  in  flood  water  levels  upstream.  It  is 
estimated  however,  that  an  increase  in  the  levee  heights 
throughout  the  Omaha  area  to  compensate  for  the  decrease  in 
width  in  the  floodway  would  be  negligible. 

Creation  and  maintenance  of  diked  storage  in  the  narrow 
strip  between  the  existing  levee  and  the  river  would  preempt 
the  use  of  the  land  for  other  purposes  such  as  a roadway  or 
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park.  The  land  currently  is  undeveloped,  but  heavily  dis- 
turbed ecologically,  due  to  the  construction  of  levees  and 
outfalls,  and  to  flooding  and  erosion.  The  storage  reser- 
voirs would  not  be  highly  visible  from  ground  level  but 
nevertheless  would  probably  have  unfavorable  aesthetic 
impact. 

This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $126  million  and  total  annual  operation 
and  maintenance  costs  of  $4.1  million.  The  estimated  total 
present  worth  cost  is  $203  million.  These  costs  include 
construction,  operation  and  maintenance,  lift  stations  and 
screw  pump  installation,  additional  treatment  facilities  at 
the  Missouri  River  plant,  levee  adjustments,  and  land  acquisi- 
tion costs.  A summary  of  all  costs  for  the  5-year  recurrence 
interval  is  shown  on  Plate  14. 

This  alternative  would  have  the  advantages  of  eliminating 
the  need  for  duplication  of  grit  removal  facilities  at  the 
outfall  points  and  providing  for  storage  of  dry-weather  flow 
in  case  of  treatment  plant  failure.  It  is  attractive  econo- 
mically for  both  capital  and  operation  and  maintenance  costs. 
Disadvantages  are  unfavorable  visual  impact  and  the  effect  on 
the  floodway,  requiring  modifications  to  the  existing  levee 
system  throughout  the  area. 

Alternative  3 - Upstream  Retention  - This  alternative  would 
utilize  a multitude  of  upstream  retention  sites  for  storage  of 
overflows  followed  by  release  of  the  stored  overflows  to  the 
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existing  main  sewer  and  interceptor  system  and  treatment  at 
the  upgraded  Missouri  River  plant.  It  was  not  practical 
within  the  scope  of  this  study  to  specifically  identify  poten- 
tial sites,  but  a number  of  locations  are  shown  schematically 
on  Plate  18. 

Overflows  would  be  diverted  from  the  existing  sewers 
through  diversion  structures,  channels,  or  additional  relief 
sewers  into  the  storage  retention  basins.  The  storage  basins, 
wherever  possible,  would  be  open  excavated  reservoirs  and  the 
remaining  reservoirs  would  be  buried  concrete  tanks  with  three 
to  five  feet  of  cover.  Existing  parking  lots,  city  parks, 
lagoons,  or  expressway  intersections  could  be  used  as  storage 
sites.  An  estimated  25  storage  sites  would  be  required.  The 
retention  basins  would  average  approximately  500  ft  square 
and  20  ft  deep,  utilizing  6.5  surface  acres.  Each  of  the 
storage  basins  would  be  equipped  with  a pumping  station  to 
release  the  stored  overflows  back  to  the  existing  conveyance 
system.  During  extended  dry-weather  flow  periods  the  reser- 
voirs could  be  emptied  and  cleaned. 

An  environmental  impact  of  this  alternative  would  be  the 
disruption  of  the  areas  in  which  the  underground  storage  reser- 
voirs would  be  built.  Disruption  during  construction  and  the 
consequent  loss  of  trees  and  shrubs  would  be  major  impacts  with 
broad  secondary  effects  of  life-style,  property  values,  and 
land  use.  Open  excavated  reservoirs  would  have  unfavorable 
aesthetic  impact. 
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This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $137  million  and  total  annual  operation  and 
maintenance  costs  of  $3.6  million.  The  estimated  total  present 
worth  cost  is  $206  million.  These  costs  include  construction, 
operation,  maintenance,  pumping  stations,  treatment,  and  land 
costs.  This  alternative  has  the  highest  land  costs,  estimated 
at  $12.2  million. 

This  alternative's  only  real  advantage  is  that  the  cost  is 
competitive  with  the  other  alternatives.  However,  it  has  the 
disadvantage  of  poor  aesthetic  effects  created  by  open  storage 
reservoirs  in  highly  urbanized  areas.  Problems  of  land  acqui- 
sition, selection,  and  availability,  are  other  serious  dis- 
advantages of  this  alternative.  A large  number  of  sites  are 
needed  and  maintenance  and  personnel  requirements  would  be 
quite  severe.  In  addition,  the  existing  outfalls  would  still 
require  measures  to  eliminate  the  possibility  of  dry-weather 
bypasses  and  overflows. 

Alternative  4a  - Deep  Tunnel  North  to  Ground  Level  Storage . 

This  alternative  utilizes  the  elevation  differential  between 
most  of  the  service  area  and  the  Missouri  River  to  provide 
energy  for  conveyance  of  the  overflows  to  a low-cost  storage 
site.  Overflows  would  be  intercepted  by  drop  shafts  near  the 
outfalls.  The  drop  shafts  would  convey  overflows  to  a deep 
tunnel  that  would  operate  as  an  inverted  siphon  discharging 
to  a ground  level  reservoir  located  across  the  Missouri  River 
north  of  the  Carter  Lake  area.  The  overflows  would  be  pumped 


back  to  the  existing  interceptor  system  for  treatment  at  the 
Missouri  River  plant.  The  approximate  locations  of  the 
various  components  are  shown  on  Plate  19. 

Preliminary  geological  evaluations,  summarized  in 
Appendix  C,  show  that  the  Mississippian  rock  formation,  con- 
sisting of  massive  limestone  and  dolomite,  is  favorable  for 
tunnel  construction.  Drilling  logs  for  the  Omaha  area  show 
the  elevation  of  the  top  of  the  Mississippian  rock  formation 
ranging  from  +629  to  +253  ft,  msl.  An  unlined  tunnel  could 
be  excavated  in  these  rocks  with  only  moderate  amounts  of 
grouting  required.  Only  a few  local  areas  in  the  tunnel 
would  require  structural  support.  Leakage  would  probably  be 
minimal,  due  to  the  overlying,  thick,  impermeable  shales. 

A plot  of  the  surface  intersection  of  the  hydraulic 
gradeline  for  the  5-year  storm  is  shown  on  Plate  19.  When 
the  design  storm  occurs,  the  outfall  sewers  will  surcharge 
to  the  gradeline.  Combined  sewer  service  connections  located 
at  an  elevation  below  the  gradeline  will  have  to  be  rerouted. 
However,  the  extent  of  rerouting  would  be  minimal  since  the 
majority  of  connections  below  the  gradeline  are  already  on 
separate  sanitary  sewers.  As  the  deep  tunnel  fills,  the 
liquid  level  will  backup  to  the  gradeline  and  the  differential 
head  will  cause  flow  to  the  surface  reservoir.  This  reservoir 
may  be  constructed  above  grade  at  less  cost  than  an  excavated 
reservoir. 

After  the  storm,  the  influent  gates  to  the  reservoir 
would  be  closed  and  high  head  pumps  would  empty  the  contents 
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of  the  deep  tunnel  and  vertical  drop  shafts  to  the  reservoir. 
Since  the  majority  of  rainfall  events  will  be  smaller  than 
the  design  storm,  the  system  will  not  always  fill  sufficiently 
to  feed  the  reservoir  by  gravity.  The  high  head  pumps  would 
then  be  used  to  empty  the  contents  of  the  deep  tunnel  to  the 
reservoir.  The  tunnel  would  also  be  sloped  for  conveyance  of 
overflows  to  a grit  removal  facility  located  at  the  far  end  of 
the  tunnel.  Larger  debris  would  be  removed  initially  by 
trashracks  at  the  drop  shafts.  During  extended  dry  weather 
periods,  the  reservoir  may  be  emptied  and  cleaned. 

The  ground  level  reservoir  would  occupy  approximately  200 
surface  acres.  It  is  estimated  that  approximately  16  drop 
shafts  would  be  required  varying  from  4 ft  to  21  ft  dia- 
meter. The  deep  tunnel  in  the  southern  portion  would  start  at 
an  estimated  15  ft  in  diameter  increasing  to  40  ft  in  dia- 
meter at  the  Missouri  River  crossing  to  the  storage  reservoir. 

The  major  impacts  of  this  alternative  are  the  construction 
of  the  deep  tunnel  system  and  the  construction  and  operation 
of  a storage  reservoir  in  Iowa.  The  deep  tunnel  system  would 
create  minimum  disruption  and  modest  noise  in  the  vicinity  of 
the  tunnel  portals  and  adits.  The  surface  requirements  would 
be  limited  to  small  areas  with  minimum  street  level  disturbance. 
Disposal  of  the  million  cubic  yards  of  rock  spoil  from  the 
tunnel  may  be  a problem.  If  the  rock  is  sold  for  construction 
use,  a substantial  storage  area  probably  would  be  required. 
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Another  environmental  impact  due  to  the  construction  and 
operation  of  an  aerated  storage  reservoir  in  Iowa,  would  be 
preempting  200  acres  of  land  currently  in  agricultural  use. 

The  reservoir  could  be  designed  and  landscaped  in  such  a way 
as  to  minimize  the  visual  impact  on  surrounding  areas. 

This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $159  million  and  total  annual  cost  of  opera- 
tion and  maintenance  estimated  to  be  $3.4  million.  The  esti- 
mated total  present  worth  cost  is  $215  million.  The  indivi- 
dual breakdown  of  component  costs  is  shown  on  Plate  14. 

This  alternative  has  the  advantage  of  minimizing  aesthetic 
impacts  throughout  the  area,  eliminating  the  need  for  duplica- 
tion of  facilities  at  outfall  points,  providing  storage  for 
dry-weather  flows  during  treatment  plant  failure,  and  a good 
potential  for  public  acceptance.  The  alternative  is  also 
economically  attractive  and  competitive. 

Alternative  4b  - Excavated  Storage  North  - Deep  Tunnel  South 
to  Ground  Storage . This  alternative  deals  with  the  northern 
portion  of  the  study  area  separately  from  the  southern  por- 
tion. In  the  northern  area,  overflows  would  be  diverted  to 
open  excavated  storage  reservoirs  in  the  Carter  Lake  area  with 
a total  capacity  of  1350  A- ft.  Some  additional  conveyance 
of  the  overflows  to  the  surface  storage  reservoirs  may  be  re- 
quired depending  on  the  final  location  of  the  reservoirs.  The 
reservoirs  would  be  lined  to  prevent  infiltration.  The  reser- 
voir, although  excavated,  would  be  shallow  (10  ft  liquid 
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depth)  oecause  of  high  ground  water  conditions,  thus  requir- 
ing a large  surface  area.  The  overflows  in  these  reservoirs 
would  be  pumped  to  existing  interceptor  systems  for  treatment 
at  the  upgraded  Missouri  River  plant. 

Overflows  in  the  southern  portion,  beginning  with  the 
Burt-Izard  outfall,  would  be  handled  in  a similar  manner  as 
described  in  Alternative  4a.  Twelve  drop  shafts  at  the  out- 
fall sewers  would  convey  the  overflows  to  a deep  tunnel  and 
a diked  ground  level  reservoir  similar  in  concept  to  Alterna- 
tive 4a,  but  with  only  1900  A-ft  capacity.  The  reser- 
voir would  be  located  across  the  river  from  the  Missouri 
River  treatment  plant  and  south  of  Council  Bluffs,  Iowa. 

The  deep  tunnel  would  vary  in  size  from  18  ft  in  diameter 
at  Burt-Izard  to  approximately  27  ft  in  diameter  at  Monroe 
Street.  The  stored  overflows  from  this  reservoir  would  be 
pumped  back  across  the  river  for  treatment  at  the  upgraded 
Missouri  River  treatment  plant.  The  various  components  for 
this  alternative  are  illustrated  on  Plate  20. 

This  alternative  would  involve  environmental  considera- 
tions similar  to  Alternative  4a.  The  constructing  and  opera- 
tion of  storage  reservoirs  in  the  Carter  Lake  area  would  have 
a small  impact,  since  the  area  considered  is  ecologically 
disturbed.  The  ground  level  storage  reservoir,  in  Iowa  across 
from  the  Missouri  River  treatment  plant,  would  require  removal 
from  production  of  about  120  acres  of  farm  land.  Since  the 
land  surrounding  the  reservoir  site  is  rural,  the  visual 
impact  of  the  reservoir  would  be  minimal. 
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This  alternative  would  entail  an  initial  construction 
cost  of  $102  million  and  total  annual  cost  of  operation  and 
maintenance  estimated  at  $3.4  million.  The  estimated 
total  present  worth  cost  is  $162  million. 

This  alternative  is  attractive  by  cost  comparison.  In 
addition,  excavated  storage  reservoirs  in  the  North  reduce 
the  emphasis  on  the  hydraulic  grade  line  for  gravity  flow. 

This  alternative  would  require  less  surcharging  of  existing 
sewers.  Disadvantages  of  this  alternative  would  be  locating 
and  acquiring  the  necessary  sites  in  the  northern  area  for 
the  surface  storage  facilities  and  their  unfavorable  aesthetic 
impact. 

The  facility  in  Iowa  could  also  provide  the  necessary 
storage  volume  to  handle  the  combined  sewer  overflows  from 
Council  Bluffs.  However,  these  overflows  would  have  to  be 
pumped  to  the  storage  reservoir  because  there  is  insufficient 
difference  in  elevation  to  allow  gravity  flow. 

Alternative  5a  - Deep  Tunnel  with  Mined  Storage.  This  alter- 
native consists  of  conveyance  of  combined  sewer  overflows  by 
deep  tunnel  to  a storage  reservoir  excavated  in  the  rock  by 
mining  methods  below  the  Missouri  River  treatment  plant.  High 
head  pumps  would  elevate  the  combined  sewage  from  the  mined 
storage  reservoir  up  to  the  plant  for  treatment.  The  com- 
ponents of  this  alternative  are  illustrated  on  Plate  21. 

Drop  shafts  would  be  located  at  the  existing  overflow 
points  and  the  tunnel  would  discharge  by  gravity  to  the  mined 


storage  reservoir.  With  the  deep  reservoir  location,  head 
would  be  available  to  produce  very  high  velocities  in  the 
tunnel,  allowing  use  of  smaller  diameters  than  in  the  tunnel 
alternatives  with  ground  level  storage.  Lining  of  the  tun- 
nel would  be  required  with  such  high  velocities  (40  ft./sec)  ,- 
therefore,  it  might  be  cheaper  to  construct  the  tunnel  at  a 
shallower  elevation  in  softer  rock.  The  tunnel  would  convey 
the  overflows  to  a common  vertical  drop  shaft  near  the  stor- 
age facility,  located  in  the  Mississippian  dolomite  formation 
at  400  to  700  ft  depths.  The  mined  storage  facility  would 
require  a volume  of  approximately  3000  A-ft. 

The  impacts  of  this  alternative  would  stem  entirely  from 
the  underground  construction  of  the  deep  tunnel  conveyance 
system  and  the  mined  storage  reservoir.  The  deep  tunnel  sys- 
tem would  produce  about  half  a million  cubic  yards  of  rock 
spoil  and  the  storage  reservoir  would  produce  six  million 
cubic  yards.  If  utilized  in  other  forms  of  construction, 
this  rock  would  have  to  be  stored;  if  not  salable,  it  would 
have  to  be  disposed  of  at  a land  site. 

This  alternative  would  entail  an  initial  construction 
cost  of  $252  million  and  total  annual  cost  of  operation 
and  maintenance  estimated  at  $3.5  million.  Tho  estimated 
total  present  worth  cost  is  $308  million.  This  estimate 
includes  the  cost  of  construction,  operation,  maintenance, 
treatment  and  land.  Individual  component  costs  are  summarized 


on  Plate  14. 


This  alternative  has  the  advantage  of  excellent  potential 
for  public  acceptance  since  all  of  the  facilities  would  be 
underground  with  no  visual  or  aesthetic  impact  on  the  environ- 
ment. The  high  cost  and  the  need  for  disposal  of  the  spoil 
produced  during  construction  are  disadvantages. 

Alternative  5b  - Excavated  Storage  North-Deep  Tunnel  to  Mined 
Storage  South . The  cost  of  this  alternative  is  reduced,  as 
in  Alternative  4b,  by  dealing  separately  with  the  northern 
and  southern  areas.  This  alternative  requires  two  excavated 
storage  reservoirs  in  the  Carter  Lake  area  comparable  to  those 
described  under  Alternative  4b.  The  overflows,  after  reser- 
voir retention  in  the  North,  would  be  evacuated  to  the  exist- 
ing interceptor  system  for  treatment  at  the  upgraded  Missouri 
River  treatment  plant. 

The  outfalls  in  the  South,  including  Burt-Izard,  would 
discharge  to  vertical  drop  shafts,  deep  tunnel,  and  a mined 
storage  facility.  After  storage,  the  overflows  would  be 
pumped  tc  the  Missouri  River  treatment  plant.  The  components 
are  illustrated  on  Plate  22.  Approximately  12  drop  shafts 
would  be  required  varying  from  eight  feet  to  18  ft  in  dia- 
meter. The  deep  tunnel  would  range  from  a minimum  of  10  ft 
in  diameter  at  the  Burt-Izard  outfall  to  18  ft  in  diameter 
at  the  mined  storage  reservoir.  The  mined  storage  facility 
would  be  approximately  2000  A-ft  in  size. 

This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $175  million.  The  annual  cost  for  operation 
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and  maintenance  is  estimated  at  $3.4  million.  The  esti- 
mated total  present  worth  cost  is  $233  million.  Land 
costs  for  the  surface  reservoirs  in  the  Carter  Lake  area 
are  estimated  at  $5.5  million.  Cost  components  are 
summarized  on  Plate  14. 

This  alternative  is  less  costly  than  the  previous  alter- 
native that  uses  deep  tunnel  and  mined  storage  exclusively. 
The  likelihood  of  public  acceptance  for  this  alternative  is 
not  as  high  because  of  the  use  of  surface  reservoirs  in  the 
Carter  Lake  area. 


Alternative  6 - Flow-through  Treatment  with  Storage  at 
Outfalls.  This  alternative  is  based  on  use  of  facilities  for 
treatment  of  combined  sewer  overflows  at  the  outfall  points. 
The  systems  that  have  been  demonstrated  to  date  consist  of 
initial  screening  for  removal  of  coarse  solids,  pressurized 
dissolved-air  flotation  for  removal  of  finer  solids,  chemical 
addition  for  coagulation  and  removal  of  nutrients,  and 
chlorination  for  disinfection.  Locations  of  individual  treat- 
ment facilities  are  shown  schematically  on  Plate  23. 


In  the  Omaha  combined  sewer  system,  the  drainage  areas 
are  so  large  that  peak  flows  generated  during  the  design 
storm  cannot  economically  be  handled  directly  by  flow- 
through treatment  units.  This  alternative,  therefore, 
includes  provision  of  storage  at  the  outfall  points  for 
attenuation  of  the  peak  flows  before  pumping  to  the  flow- 
through treatment  units.  Individual  treatment  facilities 
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would  vary  from  about  1.5  to  110  mgd.  The  total  flow- 
through treatment  capacity  required  for  the  study  area  would 
be  approximately  390  mgd  for  the  5-year  recurrence  interval. 
Buried  concrete  storage  tanks  would  be  evacuated  by  pumping 
stations  at  a rate  equivalent  to  a maximum  detention  period 
of  10  days.  This  treatment  process,  which  is  limited  to 
only  meeting  the  variance  level  of  treatment  is  further 
described  in  Appendix  D. 

The  essential  impacts  of  this  alternative  would  occur 
at  the  individual  outfalls,  where  the  construction  would 
take  place.  Excavation  of  underground  retention  reservoirs 
at  the  individual  outfalls  would  produce  substantial  spoil. 
Where  treatment  plants  would  be  visible  from  residences  or 
parks,  imaginative  architectural  and  landscape  design  should 
be  employed  to  minimize  the  visual  impact. 

This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $376  million.  The  annual  operating  and 
maintenance  costs  are  estimated  at  $3.0  million.  The 
estimated  total  present  worth  cost,  for  a variance  level 
of  treatment,  is  $408  million. 

This  alternative  has  the  disadvantage  that  it  cannot  be 
directly  compared  with  previously  described  concepts  because 
it  is  incapable  of  achieving  secondary  level  treatment.  How- 
ever, treatment  to  the  variance  level  may  be  adequate  depend- 
ing on  final  guidelines  and  allowance  levels  for  effluent 
water  quality.  Other  disadvantages  include  the  visual  impact 
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and  the  multitude  of  facilities  that  will  have  to  be  operated 
and  maintained. 

Alternative  7 - Sewer  Separation.  This  alternative  entails 
separation  of  existing  combined  sewers  by  construction  of 
new  sanitary  sewers.  It  was  assumed  that  storm  runoff  and 
snow  melt  water  would  not  require  treatment  and  would  be 
acceptable  for  discharge  to  the  Missouri  River.  One  way  that 
the  existing  combined  sewer  system  can  be  separated  would  be 
to  install  new  sanitary  sewers  inside  the  existing  combined 
sewers.  It  is  less  costly  to  use  this  approach  as  opposed  to 
installation  of  a new  sanitary  sewers  in  separate  trenches. 

In  any  case,  the  construction  costs  are  extremely  high.  In 
1970,  the  combined  sewers  of  about  100  acres  in  the  downstream 
area  were  separated  near  the  Leavenworth  Street  outfall.  The 
costs  for  separation  in  the  area  were  approximately  $18,000 
per  acre.  Projects  elsewhere  show  an  approximate  cost  for 
separation  of  $20,000  per  acre  served,  but  they  were  completed 
around  1970.— ^ To  reflect  higher  construction  costs,  a cost  of 
$27,000  per  acre  was  used  in  this  study. 

This  alternative  would  entail  an  estimated  initial  con- 
struction cost  of  $539  million.  The  estimate  includes  necessary 
costs  for  construction,  with  replacement  and  repair- 
ing of  existing  facilities.  This  alternative  is  listed  in 
this  study  as  a point  of  reference  since  it  is  not  cost 
effeftive  when  compared  with  the  other  alternatives.  The 
disruptive  effect  throughout  the  urban  area  and  low  likelihood 
of  public  acceptance  also  make  this  alternative  undesirable. 


1/  Sewer  separation  cost  experience  and  studies  are  described 
in  Appendix  E. 
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Alternative  A - In-System  Attenuation  Devices  - This  alter- 
native would  utilize  power  operated  storm  flow  regulators  for 
storing  flows  within  the  pipes  of  the  combined  sewer  system. 
This  method  could  also  be  used  as  a first  stage  in  the  imple- 
mentation of  a complete  alternative.  This  system  uses 
computer-assisted  real-time  monitoring  and  remote  control  to 
regulate  flows  in  the  sewer  system  so  as  to  minimize  overflows. 

Inflatable  fabric  dams  or  hydraulically  operated  gates 
with  support  equipment  that  would  be  housed  in  an  underground 
vault,  are  the  major  components  of  the  control  device.  The 
fabric  dam  does  not  completely  close  off  the  trunk  sewer  and 
water  can  flow  over  its  top.  When  deflated,  the  dam  closely 
conforms  to  the  sewer  walls  and  base  to  afford  almost  full 
hydraulic  capacity  of  the  pipe.  When  a rainfall  event  occurs 
the  fabric  dam  is  fully  inflated,  causing  the  level  in  the 
sewer  to  increase,  thus  utilizing  the  sewer  for  in-system 
storage. 

The  Minneapolis-St.  Paul  Sanitary  District  obtained  an 
EPA  grant  for  demonstrating  the  feasibility  of  the  above 
method.  The  combined  sewer  monitoring  and  control  system  was 
placed  in  operation  in  the  spring  of  1969.  During  27  rain 
events  in  1969  and  early  1970,  the  number  of  overflows  was 
reduced  by  58  percent  and  the  duration  by  88  percent.  Sub- 
sequent analysis  of  data  from  all  of  1970  showed  similar  re- 
sults with  reductions  in  overflow  incidence  and  duration  of 
52  percent  and  84  percent. 
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It  Is  estimated  that  this  method  could  reduce  the  number 
of  overflows  to  the  Missouri  River  from  approximately  50  inci- 
dences per  year  to  less  than  5.  Although  this  alternative  does 
not  meet  the  complete  objectives  of  the  study,  it  is  presented 
here  as  a partial  solution.  The  alternative  may  also  be 
attractive  if  a lower  level  of  treatment  is  allowable  or  as  a 
staging  concept  in  connection  with  other  alternatives  previously 
discussed . 

The  estimated  initial  construction  cost  of  this  type  is 
$83  million  and  the  annual  cost  of  operation  and  maintenance 
is  $1.7  million.  The  estimated  present  worth  for  this  alterna- 
tive is  $123  million.  The  estimates  include  construction, 
operation,  maintenance,  and  necessary  equipment. 

Alternative  13  - Deep  Tunnel  to  the  Papillion  Creek  Sewage 
Treatment  Plant.  The  abatement  of  pollution  from  combined 
sewer  overflows  from  the  Omaha-Missouri  River  system  is  only 
one  segment  of  wastewater  management  planning  in  the  Omaha 
metropolitan  area.  Other  water  quality  management  planning 
activities  involve  an  evaluation  of  the  sewer  systems  in 
Omaha  and  Council  Bluffs  and  the  formulation  and  evaluation 
of  alternative  regional  wastewater  management  plans. 

This  alternative,  which  could  be  incorporated  into  the 
regional  plan,  entails  deep  tunnel  conveyance  to  a mined 
storage  facility  near  the  Papillion  Creek  Sewage  Treatment 
Plant  and  is  illustrated  on  Plate  24.  No  provision  are 
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included  for  treatment  and  disposal  of  the  combined  sewer 
overflows.  Overflows  would  be  diverted  at  the  outfall 
points  through  drop  shafts  to  a deep  tunnel  continuing  be- 
yond the  Missouri  River  Treatment  Plant  to  a mined  storage 
facility  near  the  Papillion  Creek  Treatment  Plant.  The 
deep  tunnel  would  range  from  eight  feet  to  34  ft  in  dia- 
meter. 

This  concept  could  be  used  to  eliminate  either  the  pro- 
posed secondary  facility  or  the  entire  Missouri  River  Treat- 
ment Plaint.  The  primary  effluent  from  the  present  Missouri 
River  Plant  or  raw  sewage  from  the  outfall  points  would  be 
diverted  to  the  deep  tunnel  for  conveyance  to  the  storage 
facility  and  eventual  treatment.  The  tunnel  itself  would 
also  provide  storage  during  the  majority  of  rainfall  events. 

The  estimated  initial  construction  cost  would  be  $207 
million.  The  estimated  present  worth  for  this  alternative  is 
$240  million.  These  costs  only  include  the  drop  tunnel  con- 
veyance and  mined  storage  near  the  Papillion  Creek  Treatment 
Plant.  No  treatment,  disposal,  or  land  costs  are  included. 

Alternative  C - Flow-through  Treatment  for  "First-Flush" . A 
concept  meriting  consideration  would  be  to  provide  partial 
treatment  at  the  outfall  points  with  screening/dissolved-air 
flotation  units  to  handle  the  "first-flush"  effect.  The  peak 
flow  does  not  generally  occur  until  the  "first- flush"  effect 
is  completed.  Based  on  the  above,  treatment  units  would  be 


VI-39 


sized  accordingly  and  placed  at  the  outfall  points  to  handle 
the  more  concentrated  overflows.  Subsequent  overflows  at 
lower  concentration  levels,  would  be  allowed  to  bypass  to 
the  river  untreated. 

The  estimated  construction  cost  for  the  treatment  units 
for  this  alternative  would  be  §279  million.  The  estimated 
present  worth  of  this  alternative  is  $337  million.  These 
costs  include  equipment,  installation,  construction,  opera- 
tion, maintenance,  and  land. 

This  method  would  not  require  additional  storage  or 
conveyance  in  the  system.  Additional  treatment  capacity  at 
the  Missouri  River  Plant  would  not  be  required.  This  con- 
cept is  illustrated  on  Plate  25. 

Selection  of  Alternative  Concepts  for 
Evaluation  as  Alternative  Plans 

The  most  important  criterion  for  comparison  of  equally 
performing  alternatives  is  total  cost.  The  subjective  qual- 
ities of  an  alternative  should  also  be  considered  if  the  al- 
ternatives do  not  perform  equally  or  if  the  total  costs  do 
not  differ  appreciably.  Seven  of  the  twelve  alternatives 
evaluated  are  close  enough  in  cost  to  warrant  comparison  of 
their  subjective  qualities.  The  other  five  could  be 
eliminated  from  further  evaluation  solely  on  the  basis  of 
cost. 
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The  five  alternatives  that  have  excessively  high  costs, 
greater  than  $300  million,  are  buried  storage  near  the  over- 
flow points  (Alternative  1) ; deep  tunnel  to  mined  storage 
(Alternative  5a) ; flow-through  treatment  at  the  overflow 
points  (Alternatives  6 and  C) ; and  sewer  separation  (Alter- 
native 7)  . 

The  buried  storage  tanks  associated  with  Alternative  1 
would  be  relatively  expensive  retention  facilities  because 
of  the  structural  requirements  necessary  to  overcome  the 
bouyancy  forces  of  the  high  water  table.  Alternative  5a 
would  require  construction  of  a tunnel  several  hundred  feet 
underground  in  sound  rock  to  convey  the  overflows  to  an 
underground  reservoir  constructed  by  mining  methods.  The 
cost  of  underground  mined  storage,  however  is  less  expensive 
then  the  cost  of  buried  storage  tanks.  Flow-through  treat- 
ment facilities,  associated  with  Alternatives  6 and  C,  located 
near  each  overflow  point  are  not  only  expensive,  but  would 
provide  less  than  the  equivalent  of  secondary  treatment. 
Alternative  7,  which  employs  sewer  separation  by  construc- 
tion of  separate  sanitary  sewers  inside  existing  combined 
sewers,  is  the  second  most  expensive  alternative  evaluated, 

$539  million.  In  addition  to  the  high  cost,  this  alternative 
would  be  the  most  disruptive  of  all  twelve  alternatives 
evaluated  and  would  not  provide  treatment  for  the  separate  storm 
runoff  as  would  all  other  alternatives. 

Four  alternatives  do  not  perform  equally  with  the  other 
eight.  They  are  the  two  previously  discussed  flow-through 
treatment  alternatives  (Alternatives  6 and  C) , in-system 
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attenuation  (Alternative  A) , and  deep  tunnel  to  Papillion 
Creek  (Alternative  B) . In-system  attenuation  would  be 
effected  by  installation  of  computer  operated  hydraulic  con- 
trols to  utilize  the  volume  of  sewer  pipes  for  storage  of 
runoff.  This  alternative  has  the  lowest  total  cost,  §123 
million,  but  can  only  reduce  the  number  of  overflows  per  year 
from  50  to  about  10.  Thus,  as  an  alternative  for  the  entire 
combined  sewer  area,  it  would  be  inadequate  in  performance. 
Alternative  B would  require  construction  of  a deep  tunnel,  as 
an  extension  to  the  one  described  for  Alternative  5a,  to  con- 
vey overflows  to  the  Papillion  Creek  treatment  plant  site. 

This  alternative  was  formulated  so  that  it  could  be  further 
evaluated  as  part  of  the  regional  wastewater  management  study 
for  the  Omaha-Council  Bluffs  area;  and  consequently,  it  does 
not  include  costs  for  treatment.  This  alternative  will  be 
further  evaluated  as  a partial  alternative  plan. 

Five  equally  performing  alternatives,  which  are  the  low- 
est cost  alternatives,  range  in  total  present  worth  cost  from 
$161  million  to  $233  million.  These  alternatives,  from  lowest 
to  highest  total  cost,  are  deep  tunnel  south  and  excavated  open 
surface  storage  in  the  North  (Alternative  4b) ; upstream  retention 
(Alternative  3) ; diked  storage  along  the  levee  (Alternative 
2) ; deep  tunnel  north  to  ground  level  storage  (Alternative  4a) ; 
and  excavated  storage  in  the  North  with  deep  tunnel  to  mined 
storage  in  the  South  (Alternative  5b) . 

Alternative  4b,  the  lowest  total  cost  of  these  five  al- 
ternatives, would  cause  minimal  disruption  during  construction. 
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Aesthetically  and  environmentally,  it  compares  very  favorably 
with  all  other  alternatives.  The  ground  level  reservoirs 
would  have  a low  profile  to  minimize  visual  impact  and  the 
excavated  open  surface  reservoirs  would  be  located  in  non- 
residential  areas.  Provisions  for  adequate  aeration  would 
prevent  occurrences  of  odor  problems. 

Alternative  3 would  utilize  excavated,  open,  surface  re- 
servoirs and  buried  tanks  located  throughout  the  sewer  system. 
Although  this  alternative  is  relatively  low  in  total  cost,  it 
would  be  very  disruptive  during  construction.  Several  reten- 
tion reservoirs  would  be  located  in  residential  areas  where, 
aesthetically  and  environmentally,  they  would  be  unattractive. 
Because  there  would  be  about  30  of  these  retention  structures 
throughout  the  system,  maintenance  of  these  facilities  might 
be  a problem. 

Alternative  2 provides  for  storage  of  the  combined  sewer 
overflow  in  elongated  reservoirs  along  the  river  side  of  the 
levee.  All  construction  would  take  place  in  the  undeveloped 
areas  along  the  river  instead  of  in  the  urbanized  area.  This 
alternative  would  be  as  aesthetically  attractive  as  Alterna- 
tive 4b.  About  40  percent  of  the  total  cost,  which  is  for 
pre-storage  conveyance  to  the  reservoirs,  could  be  substan- 
tially reduced  if  further  evaluation  indicates  that  not  all 
overflows  must  be  pumped  to  the  reservoirs. 

Alternative  4a  is  similar  to  4b  except  that  all  over- 
flow is  conveyed  by  a deep  tunnel  to  one  large  ground  level 
reservoir  north  of  Council  Bluffs.  Aesthetically  this 
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alternative  is  more  attractive  than  Alternative  4b  because 
there  are  no  excavated,  open,  surface  reservoirs.  The  ground 
level  reservoir  would  be  located  in  primarily  agricultural 
land,  away  from  any  residential  areas.  The  reservoir  would 
have  a low  profile  and  minimal  visual  impact.  Disruption 
during  construction  would  also  be  minimal. 

Alternative  5b,  which  is  a modification  of  4b,  would 
utilize  mined  storage  in  place  of  the  ground  level  reservoir 
south  of  Council  Bluffs.  This  alternative  has  the  highest 
cost  of  the  five,  and  its  only  advantage  is  that  the  mined 
storage  is  not  visible  to  the  public.  Mined  storage,  as  dis- 
cussed in  Alternative  5a,  is  relatively  expensive  and  should 
be  considered  only  if  further  evaluation  indicates  serious 
problems  with  implementing  alternatives  with  storage  near 
ground  level. 

The  twelve  alternatives  were  formulated  and  costed  for 
the  same  combined  sewer  area.  The  comparison  and  selection 
of  alternatives  for  further  evaluation  should  not,  however, 
eliminate  a concept  that  may  be  attractive  for  an  individual 
service  area  even  though  it  appears  unattractive  for  the  en- 
tire area.  For  this  reason  the  concept  of  upstream  reten- 
tion, sewer  separation,  and  in-system  attenuation  should  be 
considered  for  individual  service  areas  during  refinement  of 
the  most  attractive  areawide  alternatives. 

The  selected  alternatives  for  further  refinement  are: 

Alternative  2 - Diked  storage  along  the  levee; 

Alternative  4a  - Deep  tunnel  north  to  ground  level  storage; 

Alternative  4b  - Deep  tunnel  south  and  open  surface  storage 

in  the  North; 

Alternative  5a  - Deep  tunnel  to  mined  storage;  and 

Alternative  B - Deep  tunnel  to  Papillion  Creek. 
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Deep  tunnel  to  mined  storage  will  be  evaluated  further  as 
a substitute  to  the  surface  storage,  which  may  be  impossible  to 
implement.  The  extension  of  this  concept  to  Papillion  Creek 
will  be  refined  for  the  purpose  of  providing  sufficient  input 
data  for  the  regional  study.  Also,  the  concepts  of  upstream 
retention,  sewer  separation,  and  in-system  attenuation  will  be 
considered  for  individual  service  areas  as  part  of  the  evaluation 
of  alternative  plans. 

The  planning  strategy  for  Phase  I of  this  study  involved 
formulation,  selection,  and  preliminary  evaluation  of  alterna- 
tive concepts  concluding  with  the  recommended  concepts  to  be 
further  refined  as  alternative  plans.  The  costs  generated 
in  this  chapter  and  retermed  on  various  plates  are  preliminary 
and  will  be  refined  for  those  alternative  concepts  selected  for 
further  study. 

The  evaluation  and  refinement  of  alternative  plans  con- 
stitute Phass  II  of  the  study  and  will  be  presented  in  the 
next  chapter  of  this  report.  The  refinement  of  alternatives 
may  require  adjustments  in  formulation  resulting  in  correspond- 
ing changes  in  cost.  Constitution  costs  for  the  alternative 
concepts  evaluated  in  this  chapter  would  therefore,  not  be 
identical  to  the  costs  developed  for  alternative  plans  in  the 
next  chapter. 
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Chapter  VII 

REFINED  STUDY  OF  THE  FIVE 
MOST  ATTRACTIVE  ALTERNATIVES 

Through  a process  of  successive  steps  of  screening  and 
refinement,  five  concepts  were  selected  for  formulation  of 
alternative  plans  for  combined  sewer  pollution  abatement. 

This  selection  was  made  jointly  by  the  study  staff  and  a 
coordination  committee  composed  of  all  concerned  agencies. 

The  factors  considered  ir  formulating  the  alternative 
plans  and  descriptions  and  evaluations  of  the  alternative 
plans  are  presented  in  this  chapter. 

Plan  Formulation 

A design  recurrence  interval  of  five  years  was  selected 
as  a reasonable  basis  for  comparing  the  many  alternative  con- 
cepts, as  discussed  in  Chapter  VI.  However,  a specific  design 
recurrence  interval  has  not  been  established  by  law  as  yet, 
and  may  be  dependent  on  other  factors  in  the  area-wide  water 
quality  management  plan.  Therefore,  each  alternative  plan 
has  been  sized  and  cost  estimates  prepared  for  a range  of 
recurrence  intervals  from  one  year  to  10  years. 

Storage  Volume 

All  five  alternative  plans  include  provision  for  storage 
to  retain  the  overflows  before  pumping  at  a controlled  rate 
to  a treatment  facility.  The  size  of  each  storage  facility 
is  dependent  on  the  recurrence  interval,  the  treatment  rate, 
and  the  area  served.  For  a particular  recurrence  interval,  the 
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required  storage  volume  will  decrease  as  the  treatment  rate 
is  increased. 

A storage  volume  equal  to  the  48- hour  overflow  and  a 
treatment  rate  that  will  empty  the  basin  in  20  days  will 
provide  a reasonable  combination  to  meet  design  conditions. 
The  minimum  required  storage  volume  would  be  equal  to  the 
24-hour  overflow  volume  because  the  interceptor  system  and 
sewage  treatment  facilities  would  be  taxed  to  their  maximum 
capacity  during  the  first  24  hours.  Treatment  rates  as- 
sumed for  the  alternative  plans  range  from  37  mgd  to  71  mgd 
depending  on  design  recurrence  interval.  The  absolute 
minimum  treatment  rate  would  be  12  mgd,  equal  to  the  equiv- 
alent annual  average  rate  of  overflow.  The  economic  opti- 
mum between  storage  volume  and  treatment  rate  will  depend 
upon  costs  for  storage  and  treatment  and  constraints  imposed 
by  the  existing  interceptor  system  capacity.  However,  it 
is  expected  that  the  optimum  treatment  rate  will  be  greater 
than  the  minimum  rate  of  12  mgd. 

Treatment  Processes 

All  of  the  alternative  plans  have  been  formulated  on 
the  basis  of  storage  of  the  combined  sewer  overflows  and 
treatment  at  a controlled  rate.  The  flow  to  the  treatment 
process  was  assumed  to  be  intermittently  pumped  at  a con- 
stant rate.  Not  all  conventional  treatment  processes  can 
adapt  to  these  conditions.  The  activated  sludge  process 
usually  requires  a continuous  flow  input  and  must  be  modi- 
fied to  be  a practical  process  for  treatment  of  combined 


sewer  overflows.  For  the  comparison  of  alternative  con- 
cepts , it  was  assumed  that  part  of  the  stored  overflows 
could  be  pumped  to  the  proposed  activated  sludqe  treatment 
plant  at  the  Missouri  River  treatment  plant  during  low  flow 
periods. 

The  amount  of  stored  overflow  which  could  be  treated 
at  an  upgraded  Missouri  River  plant  depends  upon  the  design 
capacity  of  the  plant  and  the  diurnal  variation  in  flow 
rate.  At  this  time,  the  dry  weather  flow  averages  30  mgd 
over  a 24  hour  period  but  decreases  to  20  mgd  during  the 
night.  The  expected  variation  in  flow  and  the  design  capac- 
ity of  the  proposed  activated  sludge  process,  however,  are 
not  available  at  present.  Therefore,  it  was  assumed  for 
the  development  of  alternative  plans  that  there  would  be 
no  available  capacity  at  the  upgraded  Missouri  River  plant 
to  treat  the  stored  overflows  during  low  flow  periods  and 
that  all  treatment  capacity  for  stored  overflow  must  be 
provided  in  a separate  treatment  plant.  This  conservative 
assumption  does  not  affect  the  comparison  of  alternative 
plans. 

Treatment  of  combined  sewer  overflow  was  assumed  to  be 
provided  by  a contact-stabilization  process  or  by  an  aerated 
lagoon  system.  The  modified  contact-stabilization  process 
was  the  least  cost  process  evaluated  for  treatment  of  the 
stored  overflows.  Based  on  the  experiences  at  the  Kenosha, 
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Wisconsin  STP,  construction  costs  were  estimated  at  $0.13 
million  per  mgd  of  treatment  plant  capacity.  Other  processes 
investigated  were  activated  sludge  with  an  estimated  cost  of 
$0.58  million  per  mgd,  physical-chemical  treatment  at  $0.90 
million  per  mgd,  and  aerated  lagoons  at  $0.33  million  per 
mgd.  The  aerated  lagoon  system  is  at  low  cost  process  but 
requires  large  usage  of  land  accompanied  by  potential  aesthetic 
and  public  acceptance  problems . 

A modification  of  the  contract  stabilization  activated 
sludge  process,  called  the  bio-treat  process,  consists  of  a 
wet-weacher  flow  facility  operating  in  conjunction  with  the 
dry-weather  treatment  plant.  During  dry-weather  periods  a 
fresh  supply  of  activated  sludge  solids  is  maintained  in  an 
aerated  stabilization  tank  through  the  periodic  wasting  of 
sludge  from  the  dry-weather  treatment  plant.  When  the 
overflows  are  pumped  from  the  storage  reservoirs  they  are 
directed  to  a contact  basin  along  with  solids  from  the 
stabilization  tank.  Following  a short  period  of  aeration 
and  mixing  in  the  contact  basin,  the  flows  proceed  to  the 
wet-weather  final  clarifier  where  the  settable  solids  are 
removed  and  returned  to  the  process.  The  effluent  would 
be  disinfected  and  discharged  to  the  Missouri  River.  If 
advanced  waste  treatment  is  required  for  further  BOD,  sus- 
pended solids,  or  nutrient  removal,  then  additional  treatment 
components  such  as  filtration,  activated  carbon,  or  ion- 
exchange  would  be  added.  During  dry-weather  periods  the 


wet-weather  clarification  equipment  can  also  be  used  to 
supplement  the  existing  plant.  The  U.S.  EPA  has  provided 
a demonstration  grant  for  the  City  of  Kenosha,  Wisconsin,  to 
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test  the  effectiveness  of  the  modified  contact  stabiliza- 
tion process  to  treat  combined  sewer  overflows.—^"  The 
dry-weather  capacity  at  the  Kenosha  plant  is  18  mgd.  The 
wet-weather  capacity  of  the  modified  biological  system  is 
20  mgd.  The  wet-weather  plant  has  been  able  to  achieve 
treatment  quality  equivalent  to  conventional  secondary  treat- 
ment. Also,  the  dry  weather-effluent  at  Kenosha  has  averaged 
less  than  15  mg/1  of  suspended  solids  and  BOD  with  the  ad- 
ditional capacity.  The  rapid  start-up  characteristics  of 
the  system  assure  treatment  of  the  stored  overflows  as  they 
are  pumped  to  the  facility.  The  use  of  a standby  type 
facility  is  well  suited  to  the  intermittent  flow  and  vari- 
able characteristics  of  combined  sewer  overflows. 

The  aerated  lagoon  system  followed  by  a storage  re- 
servoir is  also  readily  adaptable  to  intermittent  inflow 
conditions  because  of  the  relatively  long  detention  times 
employed  provided  land  is  available  and  public  accept- 
ance can  be  obtained.  There  have  been  few  reports  on  the 


1/  Agnew,  et.  al. , "Biological  Absorption  System  for  the 

Treatment  of  Combined  Sewer  Overflow",  presented  at  the  46 
Annual  WPCF  Conference,  Oct.  1973. 
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use  of  this  process  to  treat  stored  combined  sewer  over- 
flow, but  it  has  all  the  necessary  requirement  to  do  so. 

Operating  the  storage  reservoir  as  an  aerated  lagoon 
system  is  an  approach  that  could  eliminate  the  need  for 
further  treatment  process.  However,  there  is  no  avail- 
able data  on  such  systems  to  provide  the  minimum  nece- 
ssary level  1 treatment  of  combined  sewer  overflows. 
Determining  the  design  requirements  and  predicting  the 
behavior  of  such  a system  is  a complex  problem  that  is 
beyond  the  scope  of  this  study. 

Additional  BOD  and  suspended  solids  removal  could  be 
effected  with  filtration  facilities,  and  phosphorous  removal 
could  be  effected  with  the  use  of  alum  addition,  coagulation 
and  settling.  To  meet  the  background  water  quality  stan- 
dards , more  advanced  methods  of  treatment  such  as  ion-ex- 
change or  reverse  osmosis  may  be  required.  The  removal  of 
ammonia  and  nitrogen  after  the  bio-treat  process  could  be 
effected  by  using  ammonia  stripping  towers.  This  type  of 
ammonia  removal  system  appears  to  be  more  attractive  than 
the  biological  nitrification  system  because  of  the  inter- 
mittent nature  of  the  flow  to  the  treatment  process. 

Freezing  of  towers  during  winter  months,  the  major  problem 
associated  with  ammonia  stripping  towers,  is  not  antici- 
pated to  be  a major  problem  because  the  use  of  this  facility 
would  be  minimal  during  the  winter  months.  All  of  the  over- 
flows could  be  treated  during  the  warmer  months  of  the  year. 
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There  could  be  significant  reuse  potential  of  the  combined 
sewer  overflows  if  advanced  treatment  were  provided  to  meet 
background  water  quality  levels.  Potential  re-use  appli- 
cations would  include  land  application  as  irrigation  water, 
industrial  applications  for  cooling  and  process  water,  and 
development  of  lakes  and  ponds  along  the  river  front  for 
recreational  purposes. 


Measure  of  system  performance 

The  performance  of  alternative  plans  was  evaluated  on 
the  basis  of  annual  overflow  volume  captured.  Based  upon 
20-years  of  rainfall  record  (1951  through  1970) , the  an- 
nual average  untreated  overflow  volume  from  the  present 
combined  sewer  system  is  estimated  to  be  15,300  A- ft.  A 
combined  sewer  overflow  abatement  facility  designed  to  cap- 
ture and  treat  an  event  with  a 1-year  recurrence  interval 
will  reduce  the  annual  untreated  overflow  volume  to  an 
estimated  865  A-ft.  As  shown  in  Table  VII-1,  the  design 
of  larger  facilities  will  not  substantially  decrease  the 
volume  of  untreated  overflow. 

The  BODr  and  suspended  solids  reductions  associated 
with  each  design  were  estimated  by  assuming  average  con- 
centrations in  the  untreated  combined  sewer  overflow  of 
100  mg/1  BOD,,  and  250  mg/1  suspended  solids.  When  sizing 
for  larger  recurrence  intervals,  the  percent  removal  of 
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1/  Level  I is  secondary  treatment 
I l II  is  advanced  treatment 
L 1 III  ls  background  water  quality 


BOD,.  and  suspended  solids  approaches  an  upper  limit  that 
depends  upon  the  level  of  treatment  provided.  These  per- 
centages do  not  change  appreciably,  as  shown  in  Table  VII- 1. 

Table  VII-1  may  be  somewhat  misleading  by  indicating 
what  appear  to  be  modest  removals  of  BOD,.  and  suspended 
solids  for  Level  1 or  secondary  treatment.  The  pollutant 
load  to  the  river,  however,  would  be  discharged  at  a reduced 
rate  after  attenuation  through  the  system.  The  elimination 
of  shock  loadings  might  be  as  beneficial  to  the  Missouri 
River  as  treatment  of  the  overflow.  This  observation  would 
have  to  be  evaluated  by  a waste  assimilation  study  of  the 
Missouri  River. 

The  performance  under  overload  conditions  will  be  approxi- 
mately the  same  for  each  alternaive  plan.  If  an  alternative  is 
designed  for  Level  1 treatment  and  a 5-year  recurrence  interval 
it  will  produce  a minimum  BOD,.  of  30  mg/1  based  on  an  influent 
BOD,.  concentration  of  100  mg/1  for  all  events  of  5-years  or  less. 
If  the  10-year  event  should  occur  the  effluent  would  increase 
to  60  mg/1,  for  the  25  year  event  80  mg/1,  and  for  the  50-year 
event  90  mg/1.  The  overload  performance  curves  are  further 
summarized  on  Plate  13. 

Special  Considerations  for  Specific  Service  Areas 

Each  alternative  plan  employs  a basic  concept  that  ap- 
pears attractive  with  respect  to  the  entire  combined  sewer 


service  area.  However,  further  examination  of  an  alterna- 
tive plan  may  indicate  that  previously  eliminated  concepts 
may  be  more  attractive  for  a particular  sewer  service  area. 
Thus,  concepts  such  as  sewer  separation,  upstream  reten- 
tion, and  in-system  attenuation  could  be  utilized  as  local 
elements  in  the  formulation  of  an  alternative  plan.  The 
following  sections  describe  these  elements,  indicate  service 
area  characteristics  that  make  each  element  economically 
attractive,  and  identify  possible  locations  for  their  appli- 
cation in  the  study  area. 


Sewer  Separation 


Sewer  separation  is  the  elimination  of  combined  sewer 
overflows  by  separation  of  storm  water  runoff  and  sanitary 
sewage.  Instead  of  storm  water  runoff  and  sanitary  sewage 
being  combined  into  a single  sewer  system,  the  flows  are 
directed  into  two  separate  collection  systems. 


Sewer  separation  to  eliminate  combined  sewer  overflows 
in  Omaha  would  be  practical  in  areas  where  the  existing 
combined  sewers  are  adequately  sized  to  carry  storm  runoff 
without  causing  local  flooding  problems.  In  most  cases, 
conversion  of  the  existing  combined  sewers  to  carry  only 
sanitary  sewage  would  allow  heavy  deposition  of  solids  in 
the  sewers  and  cause  attendant  odor  and  flow  problems. 

The  solids  would  settle  out  because  the  velocity  of  the 
sewage  in  the  oversized  sewers  would  not  be  sufficient  to 
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maintain  the  solids  in  suspension.  Consequently,  sewer 
separation  to  eliminate  combined  sewer  overflows  in  Omaha 
would  normally  require  installation  of  new  separate  sanitary 
sewers,  rather  than  new  separate  storm  sewers.  Storm  run- 
off would  continue  to  drain  to  the  existing  collection  sys- 
tem and  discharge  directly  to  the  Missouri  River.  Sanitary 
sewage  would  be  collected  from  the  new  sanitary  sewers  and 
flow  to  the  North  and  South  Omaha  interceptors. 

Most  of  the  older  structures  in  the  combined  sewer 
service  area  have  combined  house  or  building  sewers.  Many 
of  the  roof  drains  (downspouts)  and  footing  drains  are 
connected  to  the  main  building  sewer.  Separation  of  sewers 
may  require  not  only  new  sewers  under  the  streets,  but 
also  plumbing  modifications  in  each  structure  to  eliminate 
water  entering  from  drains  to  the  separate  sanitary  sewers. 

Some  sewer  separation  has  been  undertaken  in  Omaha  to 
alleviate  local  flooding  problems  by  installing  a new 
separate  storm  sewer  above  the  existing  combined  sewer. 
However,  the  separated  sanitary  sewage  and  storm  runoff 
are  mixed  together  outside  the  flooding  problem  area. 

Total  sewer  separation  in  these  areas  therefore  could  serve 
two  purposes,  reduce  flooding  and  eliminate  combined  sewer 
overflows,  and  thus,  reduce  the  cost  attributable  to  the 
elimination  of  combined  sewer  overflows. 


Characteristics  of  a sewer  service  that  lead  to  high 
costs  of  sewer  separation  include  high  density  housing,  and 
uniform  distribution  of  structures.—^  Another  factor  is 
the  distance  from  the  Missouri  River.  Long  distances  in- 
dicate that  a substantial  cost  for  conveyance  of  storm 
water  or  sanitary  sewage  will  be  incurred. 

Sewer  separation  should  be  considered  as  an  element 
of  an  alternative  plan  wherever  the  particular  characteris- 
tics of  a service  area  economically  favor  sewer  separation. 
Sewer  separation  may  be  an  attractive  element  in  an  overall 
plan  for  areas  adjacent  to  the  interceptor  system,  for 
low-lying  areas  that  are  difficult  to  pick  up  by  deep 
tunnel  conveyance,  and  for  areas  that  require  expensive 
conveyance  to  diked  storage  facilities. 

Separation  of  combined  sewers  effect  only  minimal  eco- 
nomic savings  if  done  after  an  overall  plan  for  combined 
sewer  pollution  abatement  is  implemented.  Should  the 
construction  of  a combined  sewer  pollution  abatement 
facility  precede  the  construction  of  a Riverfront  Develop- 
ment Project,  then  there  would  be  little  advantage  in 
separating  the  sewer  system  as  part  of  the  project.  On 
the  other  hand,  if  a redevelopment  project  in  a combined 

1/  Sewer  separation  and  cost  expenses  are  discussed  in 

Appendix  E. 
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sewer  service  area  is  initiated  prior  to  the  construction 
of  a combined  sewer  pollution  abatement  facility,  then 
sewer  separation  for  specific  areas  should  be  considered  as 
a method  of  reducing  the  overall  cost. 

Upstream  Retention 

Local  flooding  problems  can  also  be  alleviated  by 
upstream  retention  rather  than  sewer  separation.  This 
alternative  element  merits  consideration  because  of  its 
potential  dual  function.  Areas  that  have  experienced  local 
flooding  problems  are  shown  in  Plate  26. 

Upstream  retention  involves  the  diversion  of  storm 
runoff  and  sewage  from  combined  sewers  into  retention 
basins.  These  retention  basins  could  be  strategically 
located  to  reduce  surcharging  of  sewers  in  problem  areas 
and  also  to  reduce  the  flow  rate  and  volume  of  combined 
sewage  at  the  overflow  points.  Thus,  upstream  retention 
can  reduce  not  only  the  size  of  storage  facilities , but 
also  the  size  of  pre-storage  conveyance  facilities. 

The  cost  of  upstream  retention  facilities  depends 
upon  the  type  of  storage  facility  constructed.  Buried  or 
covered  storage  tanks  located  under  parks , streets , parking 
lots,  and  other  open  space  areas  would  not  preempt  the 
existing  land  use,  but  would  cost  more  than  open  storage 


reservoirs.  If  the  ground  water  table  is  high,  bouyancy 
forces  will  greatly  increase  the  cost  of  covered  storage. 

The  cost  of  upstream  retention  will  also  be  a func- 
tion of  size  and  land  requirements.  In  locations  which  do 
not  have  a ground  water  problem,  the  estimated  unit  cost  of 
covered  storage  ranges  from  $50,000  per  A-ft  for  a 10  A-ft 
storage  facility  to  $27,500  per  A-ft  for  a 100  A-ft  storage 
facility.  The  major  land  cost  for  covered  storage  facilities 
will  be  for  easements. 

Open  storage  reservoirs  for  combined  sewage  would  be 
unattractive  in  residential  neighborhoods  or  any  developed 
urban  areas.  They  would  have  to  be  fenced  off  from  the 
public;  and  the  land  would  be  committed  to  a single  pur- 
pose. To  allow  gravity  flow  of  combined  sewage  into  the 
open  reservoir,  the  reservoir  would  have  to  be  excavated 
so  that  the  design  water  surface  elevation  was  below  the 
invert  elevation  of  the  tributary  sewers.  In  most  of  the 
service  areas,  this  would  require  excavation  of  an  addi- 
tional five  to  10  feet  below  grade.  Consequently,  the 
cost  of  open  storage  in  these  areas  would  be  about  $14,000 
per  A-ft.  This  cost  does  not  include  the  cost  of  land 
acquisition.  Land  costs  for  open  storage  reservoirs  will 

| 

depend  upon  the  location  and  the  areal  extent  required 
for  the  reservoir. 
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Buried  storage  reservoirs  allow  more  flexibility  in 
land  use  than  do  open  reservoirs.  However,  this  flexibil- 
ity is  gained  with  a higher  construction  cost.  Because 
these  storage  reservoirs  are  located  underground  there  are 
almost  no  constraints  on  their  geographic  location  within 
the  sewer  system. 

This  rather  expensive  measure  for  storing  combined 
sewage  can  be  economically  utilized  in  areas  where  it  will 
effectively  reduce  the  peak  flow  rate  at  the  overflow  point. 
The  attenuation  of  peak  flows  by  upstream  retention  can 
substantially  reduce  the  size  of  pre-storage  conveyance 
facilities.  With  the  peak  flow  reduced  20  percent  by  at- 
tenuation, the  cost  of  upstream  retention  must  be  less  than 
$30,000  per  A-ft  of  storage  in  order  to  effect  a cost-savings 
in  the  construction  of  a deep  tunnel  conveyance  system. 

For  planning  purposes,  the  specific  sites  of  upstream  re- 
tention are  not  identified  as  part  of  the  alternative  plans. 
However,  as  an  example,  upstream  retention  in  the  Grace 
Street  service  area  might  be  an  attractive  element  to  reduce 
the  cost  of  deep  tunnel  conveyance  in  Alternative  4a. 

In-System  Attenuation 

In-system  attenuation  makes  use  of  the  unused  storage 
capacity  within  the  existing  sewerage  system  for  the 
purpose  of  reducing  the  frequency  and  volume  of  combined 
sewer  overflows.  This  type  of  system  utilizes  power- 
operated  storm  flow  regulators  for  storing  flows  within 
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the  sewer  pipes.  As  an  element  of  alternative  plan,  this  system 

\ 

could  be  used  to  reduce  the  pre-storage  conveyance  capacities 

' 

and  the  storage  capacities  of  holding  reservoirs. 
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A continuously  adjustable  combined  sewer  regulator  is  the 
major  field  device  involved  in  this  system.  The  major  components 
of  the  modified  regulator  are  an  inflatable  fabric  dam,  a hydrau- 
lically operated  gate,  and  support  equipment  housed  in  an  under- 
ground vault.  The  fabric  dam  will  not  completely  close  off  the 
trunk  sewer  so  that  water  can  flow  over  its  top.  When  deflated, 
the  dam  closely  conforms  to  the  sewer  walls  and  base  to  afford 
almost  fall  hydraulic  capacity  of  the  pipe.  When  a rainfall 
event  occurs,  the  fabric  dam  is  fully  inflated,  causing  the 
level  in  the  sewer  to  increase,  and  thus,  utilizing  the  sewer 
volume  for  in-system  storage . 


Operation  of  this  type  of  system  must  be  based  upon  inform- 
ation of  the  conditions  in  the  sewer  system.  A system  of  remote 
monitoring  devices,  such  as  rain  gauges,  water  level  sensors, 
gate  and  dam  sensing  devices  and  river  quality  sensors , provides 
the  necessary  information.  Depth  of  flow  at  each  regulator  is 
measured  at  two  locations , upstream  from  the  diversion  dam  and 
downstream  from  the  regulator  gate  position.  Dam  inflation 
pressure  is  also  monitored. 
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The  performance  of  the  in-system  attenuation  process 
is  largely  dependent  on  the  imperviousness  of  the  tributary 
area,  the  time  elapsed  since  the  previous  rain,  the  intensity 
or  length  of  storm,  and  the  level  of  the  river. 

Trunk  sewers,  with  diameters  greater  than  five  feet, 
are  located  near  each  of  the  outfalls.  In  the  study  area, 
the  grades  of  these  sewers,  both  the  rectangular  boxes  and 
the  cylinders,  are  relatively  flat.  Therefore,  these  large 
sewers  could  be  utilized  for  storage  for  the  in-system 
attenuation  process. 

The  costs  of  establishing  the  in-system  attenuation 
is  on  the  order  of  $3, 000/acre  served.  The  operation  and 
maintenance  cost  for  this  system  has  been  estimated  at 
$300,000/yr  for  the  system  constructed  in  Cleveland.—^ 

In-system  attenuation  has  the  following  advantages: 

1.)  it  is  an  effective  way  of  preventing  small  storm  run- 
off from  being  discharged  into  a waterway;  2. ) during  large 
storms  "the  first  flush"  can  be  captured  and  held  for 
treatment  after  the  storm  has  ended;  3. ) the  regulator 
system  can  be  operated  both  manually  and  automatically; 

4.)  gates  are  not  required  to  maintain  the  regulator  positions 


1/  Pew,  et.  al. , "Data  Acquisition  and  Combined  Sewer 
Controls  in  Cleveland",  Journal,  Water  Pollution 
Control  Federation,  Vol.  45,  No.  11,  Nov.  1973. 
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5.)  the  inflatable  dam  will  deflate  automatically  upon 
interruption  of  power  so  that  flooding  damage  cannot  result 
from  loss  of  control. 

However,  operation  of  this  type  of  system  can  have 
several  disadvantages:  1.)  malfunctioning  of  regulator 

devices  due  to  fouling  by  debris  and  sand  found  in  the 
combined  sewer  system;  2.)  sediment  build-up  due  to  the 
velocity  being  reduced  below  two  ft/sec  during  the  time 
of  storm  capture;  3.)  problems  associated  with  the  con- 
struction and  start-up  of  the  in-system  process;  4.)  and 
inability  of  the  system  to  handle  a large  rainfall  event; 
5.)  and  the  possibility  of  localized  flooding. 

The  total  storage  volume  available  in  the  combined 
sewer  system  in  Omaha  is  estimated  to  be  300  A-ft.  Based 
on  a cost  of  $3000  per  acre  of  service  area  (the  reported 
construction  cost  for  the  Detroit  system) , the  cost  of 
storage  i-  about  $220,000  per  A-ft.  of  retained  overflow. 
This  cost  makes  this  system  prohibitively  expensive  for 
consideration  as  an  element  of  an  alternative  plan. 
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Alternative  Plans 

The  selected  alternatives  evaluated  for  Phase  II  of  the 
project  study  are  listed  below. 

1.  Diked  Storage  Along  Levee. 

2.  Deep  Tunnel  North  to  Ground  Level  Storage. 

3.  Excavated  Storage  North  - Deep  Tunnel  South  to 
Ground  Storage. 

4.  Deep  Tunnel  With  Mined  Storage. 

5.  Deep  Tunnel  to  the  Papillion  Creek  S.T.P. 

Alternative  plans  were  evaluated  on  the  basis  of  com- 
ponent costs  and  total  present  worth  costs  for  different  re- 
currence interval  storms  and  levels  of  treatment.  The  indi- 
vidual component  costs  of  the  alternative  plans  studied  for 
the  5-year  recurrence  interval  are  shown  on  Plate  27.  Total 
present  worth  costs  for  all  alternative  plans  for  these 
levels  of  treatment  and  four  recurrence  intervals  are  shown 
on  Plate  28.  An  environmental  assessment  summary  table  on 
Plate  29  shows  the  major  impact  factors  for  each  alternative 
plan.  In  addition,  a summary  of  projected  implementation 
dates  for  key  activities  is  shown  on  Plate  30  for  the  five 
alternative  plans. 

Alternative  £ - Diked  Storage  Along  Levee 

The  primary  function  of  all  the  alternative  plans  devel- 
oped is  to  capture,  retain,  treat,  and  discharge  to  the 
Missouri  River  combined  sewer  overflows  that  meet  the  required 
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effluent  standards.  For  this  alternative  plan,  the  existing 
sewers  would  be  utilized  as  the  storm  flow  conveyance  sys- 
tem. The  existing  flood  control  levee  would  be  used  as  one 
side  of  diked  reservoirs  constructed  along  the  riverfront 
to  capture  and  retain  overflows.  The  overflows  that  are 
presently  discharged  to  the  Missouri  River  would  be  diverted 
by  control  structures  at  the  outfalls. 

This  alternative  plan  would  utilize  five  diked  storage 
reservoirs,  located  near  the  Minne  Lusa,  Grace  Street, 
Leavenworth,  South  Omaha,  and  Monroe  Street  outfalls.  In 
addition,  the  plan  would  require  diversion  structures  at 
the  outfalls,  conveyance  systems  from  selected  outfalls  to 
the  reservoirs,  floating  aerators  in  the  reservoirs,  pumping 
stations  to  pump  out  the  stored  overflows,  and  treatment 
facilities.  The  locations  of  the  major  components  required 
for  this  alternative  plan  are  shown  on  Plate  31. 

Storage  Reservoirs 

The  five  storage  reservoirs  will  all  have  similar  de- 
signs, and  in  all  cases  utilize  a portion  of  the  existing 
levee  as  one  side  of  the  reservoir.  The  reservoir  bottom 
would  be  approximately  at  the  invert  elevation  of  the 
existing  outfalls.  A typical  cross  section  and  drawing  of 
a diked  reservoir  is  shown  on  Plate  32. 

The  reservoirs  would  be  watertight  to  prevent  contam- 
inated leakage  into  the  surrounding  ground  water  and  the 
Missouri  River  as  shown  in  the  typical  cross  section.  This 
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would  be  accomplished  by  the  use  of  a three  foot  layer  of 
clay  followed  by  12  inches  of  riprap  upon  nine  inches  of 
bedding  on  the  reservoir  sides.  Side  slopes  of  the  reser- 
voir would  be  2.5  horizontal  to  1.0  vertical.  Both  sides 
of  the  reservoir  would  have  a 15  to  20- foot  top  width  that 
could  be  converted  to  a river  front  scenic  roadway.  Above 
the  riprapped  surface,  the  dikes  would  be  protected  from 
erosion  by  a grass  cover.  To  protect  against  uplift,  the 
bottom  of  the  reservoir  would  be  above  the  ground  water 
elevation,  except  for  small  areas  directly  beneath  the  aer- 
ators to  provide  adequate  pumping  volume  for  the  aerators 
at  the  minimum  liquid  level. 

Reservoir  dimensions  were  chosen  to  utilize  most  of  the 
available  land  between  the  existing  levee  and  the  riverbank. 
This  allows  for  an  increase  in  the  reservoir  capacity  at  a 
later  date  by  increasing  the  height  of  the  dikes.  Thus  the 
estimated  maximum  operating  depth  for  each  reservoir  varies 
with  the  recurrence  interval.  The  only  exception  to  the 
above  was  the  Grace  Street  reservoir,  where  the  maximum 
operating  depth  was  fixed  at  10  feet  for  any  design  event 
in  order  to  minimize  surcharging  of  the  main  sewer  serving 
this  relatively  flat  area.  More  service  connections  would 
be  affected  by  surcharging  the  outfall  sewer  in  this  area, 
as  opposed  to  service  are  is  located  on  the  bluffs  and  well 
above  the  reservoirs. 

The  Minne-Lusa  reservoir  would  serve  the  Minne-Lusa 
and  Mormon  Street  service  areas.  The  reservoir  would  be 
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approximately  1,300  feet  wide  and  1,700  feet  long,  covering 
a surface  area  of  50  acres.  The  maximum  operating  liquid 
depth  in  the  reservoir  would  be  a function  of  the  magnitude 
of  the  design  storm,  varying  from  approximately  14  feet  to 
26  feet.  The  Minne-Lusa  reservoir  will  require  25  to  30 
floating  aerators,  approximately  100  hp  each,  to  maintain 
sufficient  oxygen  dispersion  to  prevent  odors. 

The  Grace  Street  reservoir  would  be  constructed  around 
a portion  of  the  existing  Grace  Street  Channel,  south  of 
Abbot  Drive,  and  would  serve  the  Grace  Street  and  Burt-Izard 
outfalls.  The  Grace  Street  reservoir  would  be  approximately 
1000  feet  wide  and  vary  in  length  from  2,200  feet  to  4,700 
feet  depending  on  the  selected  recurrence  interval.  Again, 

25  to  30  aerators  would  be  located  throughout  the  reservoir. 

The  Leavenworth  reservoir  would  be  a relatively  narrow 
channel  reservoir  (300  ft) , extending  from  the  Pierce  St. 
outfall  to  the  1-80  highway  overpass.  This  reservoir  would 
also  serve  the  outfalls  along  the  floodwall  from  just  south 
of  Burt-Izard  to  Leavenworth.  Overflows  from  these  outfalls 
would  be  diverted  by  a conduit  constructed  adjacent  to  the 
existing  floodwall  and  running  parallel  to  the  river.  The 
reservoir  would  cover  a surface  area  of  approximately  41 
acres,  and  require  approximately  20  aerators  on  300-foot 
centers  along  the  6, 000- foot  length.  Maximum  operating 
depths  would  vary  from  9 feet  to  17  feet. 

The  South  Omaha  reservoir  would  be  similar  to  the 
Leavenworth  reservoir,  extending  from  south  of  the  1-80 


overpass  to  the  Missouri  outfall.  The  reservoir  area, 
estimated  at  43  acres,  would  serve  the  five  outfalls  from 
1-80  to  the  South  Omaha  outfall,  and  would  require  approxi- 
mately 20  aerators. 

The  Monroe  Street  reservoir  would  be  the  smallest 
reservoir,  about  18  acres,  and  would  require  approximately 
10  aerators.  This  reservoir  would  be  located  on  the  river- 
bank  near  Mandan  Park,  and  would  be  300  feet  wide  and  about 
2600  feet  long.  A summary  of  dimensions  for  all  reservoirs 
is  shown  in  Table  VII-2. 

The  existing  levee  would  provide  sufficient  reservoir 
depth  to  contain  the  1-year  recurrence  interval  storm.  For 
larger  design  storms  the  levee  height  would  have  to  be  in- 
creased by  as  much  as  10  feet  in  order  to  contain  the  10- 
year  storm.  In  earlier  discussions  it  was  assumed  that  the 
levee  height  would  have  to  be  increased  throughout  the  Omaha 
area  due  to  the  decrease  in  the  floodway  width  caused  by 
the  encroachment  of  the  reservoir  channels  in  the  Missouri 
River  flood  plain.  An  investigation  by  the  Omaha  District 
Corps  of  Engineers  has  determined  that  the  encroachment  would 
only  increase  the  flood  stage  by  approximately  three  inches. 
This  increase  is  equivalent  to  a reduction  in  flood  carrying 
capacity  of  about  3,000  cfs.  It  was  concluded  that  it  would 
be  more  prudent  to  accept  the  slightly  reduced  degree  of 
protection  rather  than  raise  all  the  levees  in  the  area. 
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DIKED  STORAGE  RESERVOIRS 
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Control  Structures  and  Conveyance  Systems 


The  control  structures  at  the  outfalls  would  divert 
flows  that  exceed  the  existing  interceptor  capacity  into 
the  diked  reservoirs,  or  to  a short  conveyance  conduit  to 
the  nearest  reservoir.  It  is  estimated  that  an  additional 
two  to  three  miles  of  gravity-flow  conveyance  conduit,  from 
6 to  20  feet  in  diameter  and  designed  to  flow  at  a maximum 
velocity  of  20  feet  per  second,  would  be  required  to  divert 
flows  from  the  outfalls  to  the  reservoir  channels.  A con- 
duit would  be  employed  at  the  northern  reservoir  from  the 
Mormon  Street  outfall  to  the  Minne-Lusa  reservoir.  At  the 
Grace  Street  reservoir,  the  Burt-Izard  outfall  would  be 
diverted  by  a conduit  running  north  to  the  reservoir.  The 
series  of  outfalls  from  Douglas  to  Leavenworth  would  be  in- 
terconnected with  a conduit  paralleling  the  floodwall  and 
flowing  south  to  the  Leavenworth  reservoir.  The  conduits 
would  flow  partially  full  during  minor  storms,  but  would 
have  adequate  slope  to  maintain  solids-cleaning  velocities. 
Costs  for  the  conduits  are  shown  on  the  summary  cost  table. 
Additional  force  main  conveyances  would  be  required  from  the 
new  pump  stations  at  each  reservoir  to  the  interceptor  sewer 
to  pump  out  the  reservoirs. 

Pumping  Stations 

Individual  pumping  stations  will  have  to  be  constructed 
near  each  of  the  five  reservoirs.  The  stations  would  serve 
a dual  purpose  of  emptying  the  surcharged  sewers  and  pumping 
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out  the  reservoir.  Some  surcharging  of  the  trunk  sewers 
leading  to  the  outfalls  is  expected  due  to  the  elevation 
of  the  ground- level  reservoirs.  In  order  to  re-establish 
normal,  dry-weather  flow  conditions  at  the  outfalls  as  soon 
as  possible,  the  surcharged  sewers  would  be  pumped  out  into 
the  reservoirs  by  the  pumping  stations.  The  pumping  stations 
would  also  empty  the  reservoirs  into  the  interceptor  sewer 
after  normal  flow  conditions  have  been  re-established.  It 
is  estimated  that  the  surcharge  may  extend  up  to  2000  ft. 
from  the  outfall  back  into  the  system  for  the  1-year  design 
sotrm.  For  a 10-year  design  storm,  the  surcharge  may  ex- 
tend up  to  one  mile  from  the  existing  outfall. 

Treatment  Facility 

The  cost  estimates  given  include  treatment  facilities 
to  achieve  secondary  treatment  before  discharge  to  the  river. 
Cost  increases  for  higher  levels  of  treatment  would  be  sim- 
ilar to  this  alternative  plan  as  for  the  previously  discussed 
alternative  concepts.  With  the  existing  conveyance  system 
and  expanded  Missouri  River  treatment  plant,  a modified 
biological  contact  process  would  be  the  most  economical  pro- 
cess for  achieving  acceptable  treatment  levels.  The  pro- 
cess is  described  earlier  in  this  chapter. 

System  Operation  and  Performance 

Overflow  from  storms  that  produce  flow  less  than  the 
design  recurrence  interval  but  greater  than  the  capacity  of 
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the  interceptor  sewer,  would  be  diverted  at  the  combined 
sewer  outfalls  to  the  nearest  reservoir.  The  overflows 
would  be  stored  and  aerated  until  the  reservoir  is  pumped 
out  to  the  treatment  facility.  It  is  expected  that  all 
overflows  will  be  pumped  out  within  a maximum  of  20  days. 

During  a storm  greater  than  the  design  recurrence  in- 
terval, the  system  would  operate  in  the  same  manner,  until 
the  reservoir  reaches  its  maximum  operating  depth.  At 
this  point  additional  overflow  would  spill  to  the  Missouri 
River. 

The  bottoms  of  the  reservoirs  are  at  approximately  the 
invert  elevation  of  the  outfalls,  and  the  outfall  sewers 
will  therefore  surcharge  to  about  the  same  elevation  as  the 
liquid  level  of  the  reservoirs.  The  maximum  surcharge  at 
any  outfall  sewer  would  be  limited  by  the  maximum  operating 
height  of  the  reservoir,  as  determined  by  the  design  storm. 
With  the  exception  of  Grace  Street,  the  bluffs  limit  the 
extent  of  the  surcharge  to  a relatively  small  area  near  the 
river.  For  the  lower  design  recurrence  intervals  most  of 
the  existing  connections  to  the  sewer  would  be  at  an  elev- 
ation that  would  avoid  flooding  problems.  For  larger  de- 
sign recurrence  intervals,  say  10  years,  a minor  number  of 
connections  may  have  to  be  re-routed  to  new  pumping  stations 
equipped  with  high  head  discharge  pumps.  In  either  case, 
the  outfall  sewers  may  fill  but  not  be  highly  pressurized. 
With  some  rehabilitation  the  existing  sewers  should  be  ade- 
quate to  handle  this  moderate  surcharge.  At  Grace  Street 
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the  land  is  relatively  flat  and  surcharging  would  be  more 
extensive  if  the  reservoir  operating  level  exceeds  an  el- 
evation of  1000  feet.  For  this  reason,  the  maximum  operat- 
ing height  would  be  limited  to  10  feet.  The  reservoir 
area  would  be  increased  to  accommodate  the  larger  recur- 
rence intervals. 

After  the  storm  subsides,  a diversion  gate  would  close 
and  the  sewers  would  be  pumped  out  by  a pumping  station 
located  at  each  of  the  five  reservoirs.  It  is  estimated 
that  for  the  10-year  recurrence  interval  event  the  sewers 
would  be  punped  out  in  12  hours  or  less.  This  will  insure 
that  the  combined  sewer  functions  normally  during  any 
additional  storms. 

A minimum  liquid  cover  during  wet  weather  months  of  at 
least  three  feet  of  water  would  be  maintained  in  the  reser- 
voir, with  the  aerators  operating  to  prevent  undesirable 
odor  conditions  from  forming.  In  late  Fall  (probably  in 
November)  floating  dredges  would  pump  the  accumulated  sludge 
and  grit,  estimated  by  volume  to  be  three  to  six  inches  per 
year,  into  river  barges  for  transport  and  disposal  by  in- 
cineration at  the  Missouri  River  treatment  plant.  After 
the  sludge  has  been  removed  the  reservoir  would  be  emptied, 
and  flushed  with  river  water  if  necessary.  During  the 
winter  months  the  aerators  would  be  moored  in  an  off  position 
on  concrete  pads  on  the  bottom  of  the  reservoir. 

When  the  existing  pumping  stations  or  grit  facilities 
are  out  of  operation  the  reservoirs  would  provide  a means 
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of  capturing  bypasses  presently  discharged  to  the  Missouri 
River.  Debris  would  be  removed  by  trash  racks  at  the 
existing  outfall  points.  In  some  cases  additional  facil- 
ities would  be  required  to  handle  debris  before  the  inlet 
of  the  reservoirs. 

All  of  the  alternative  plans  refined  in  this  chapter 
utilize  storage  reservoirs  that  would  provide  capability 
for  emergency  storage  of  raw  sweage  should  there  be  a 
failure  of  the  sewage  treatment  plant. 

System  Costs 

The  component  costs  for  conveyance,  diversion  structures, 
storage  reservoirs,  aerators,  treatment  facilities,  and 
pumping  stations  are  shown  on  Plate  27  for  the  various 
recurrence  intervals.  The  total  construction  cost,  along 
with  total  annual  operation  and  maintenance  costs  are  also 
given  on  Plate  27.  The  construction  cost  is  estimated  at 
$71.1  million  for  the  5-year  recurrence  interval.  Costs 
are  based  on  the  ENR  index  in  June,  1974.  The  project  life 
used  is  50  years  with  an  interest  rate  of  7%.  All  project 
components  are  assumed  to  have  a life  of  50  years,  except 
for  the  electrical,  pumping,  aerators,  and  related  equipment 
items  at  25  years.  With  the  system  designed  to  store  and 
treat  sufficient  volume  for  the  1-year  recurrence  interval, 
the  cost  would  decrease  to  approximately  $47.2  million  or 
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about  $24  million  less  than  the  cost  for  the  5-year  recur- 
rence interval  design. 

Tha  construction  costs  include  treatment  facilities 
to  meet  Level  1 or  secondary  treatment.  If  a higher  degree 
of  treatment  is  desired  then  incremental  costs  can  be  added 
as  required.  As  described  earlier,  costs  are  shown  on 
Plate  8 for  the  various  treatment  levels. 


Special  Considerations 

Use  of  in-system  attenuation,  sewer  separation,  and 
upstream  retention  were  considered  for  individual  service 
areas  to  aid  refinement  and  evaluation  of  this  alternative 
plan.  Service  areas  were  analyzed  to  determine  the  expected 
benefits  for  each  of  the  above  elements.  While  sewer  sep- 
aration is  generally  expensive  and  difficult  to  implement, 
in  the  case  of  this  particular  alternative  plan  it  may  be 
desirable  for  very  small  service  areas  served  by  existing 
combined  sewers  along  the  floodwall  in  the  downtown  and 
Riverfront  New  Town-in-town  areas.  Sewer  separation  could 
also  be  considered  for  the  Mormon  Street  area  as  opposed 
to  providing  separate  conduit  conveyance  for  approximately 
two  miles  from  the  Mormon  Street  outfall  to  the  Minne  Lusa 
reservoir. 

Since  all  of  the  overflows  would  be  transmitted  through 
the  existing  sewers  to  the  riverfront  reservoirs  without 


VII- 30 


the  use  of  the  additional  conveyance  (except  for  the  few 
isolated  outfalls  as  previously  described) , there  would  be 
no  benefit  derived  from  attenuating  the  peaks  through  the 
use  of  in-system  attenuation  devices.  Therefore,  no  ad- 
ditional consideration  was  given  to  utilizing  this  element 
in  the  evaluation  of  this  alternative  plan.  Similarly,  up- 
stream retention  basins  would  not  have  an  advantage  for 
this  alternative  plan. 

Associated  Effects 

The  evaluation  of  alternative  plans  requires  the  con- 
sideration of  several  special  effects.  These  effects  are 
discussed  below  for  diked  storage  along  the  riverfront. 

Energy.  The  major  components  utilizing  electric 
power  as  a source  of  energy  in  this  alternative  plan  are 
the  floating  aerators  in  the  reservoirs.  The  annual  cost 
of  power  for  operation  of  the  aerators  is  estimated  at  $1.7 
million  per  year. 

Manpower.  The  estimated  number  of  personnel  required 
for  operation  and  maintenance  of  the  storage  facilities, 
pumping  stations,  diversion  structures,  sludge  facilities, 
and  treatment  plant  would  be  20  full  time  employees.  This 
estimate  is  only  for  the  facilities  required  for  the  com- 
bined sewer  overflow  abatement  alternative  plan  and  does 
not  include  personnel  required  to  operate  any  existing 
wastewater  collection  and  treatment  systems.  Requirements 


would  be  higher  during  periods  with  fluctuating  flows  due 
to  intermittent  wet  weather  and  dry  weather  periods.  It 
does  not  appear  that  the  system  would  be  susceptible  to 
labor  strikes  and  shutdowns  since  minimum  personnel  could 
operate  the  system  for  relatively  long  periods.  The  system 
could  also  be  automated  to  include  operational  sequencing 
of  aerators. 

Resources . This  alternative  plan  does  not  have  the 
same  potential  to  conserve  existing  resources  as  other  plans. 
Most  of  the  land  that  would  be  utilized  by  the  storage  re- 
servoirs is  vacant  at  this  time.  Depending  on  the  recur- 
rence interval  for  sizing,  200  to  300  acres  of  riverfront 
land  would  be  used.  Implementation  of  this  alternative  plan 
would  constitute  a reduction  in  land  resources  and  a pre- 
emption of  land  which  could  be  used  for  other  purposes, 
such  as  the  Riverfront  Development  Program. 

Multi-use  Potential . The  concept  of  an  aerated  chan- 
nel, 200  to  300  feet  wide,  along  the  riverfront  could  be 
made  esthetically  attractive.  The  levee  could  be  widened, 
and  paved  as  a scenic  roadway  along  the  riverfront.  Another 
possibility  would  be  to  convert  the  levee  to  a bicycle  path 
throughout  the  riverfront  area.  The  necessity  for  dupli- 
cation of  existing  structures  would  be  eliminated  except 
for  a few  minor  bypass  facilities. 
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Reliability.  This  alternative  would  be  less  difficult 
to  operate  than  other  plans.  The  flow  of  liquid  into  the 
reservoir  would  be  by  gravity  and  would  not  depend  on  the 
operation  of  mechanical  devices  such  as  gates.  Pumps  and 
aerators  would  be  controlled  automatically  with  devices  that 
sense  the  levels  in  the  reservoir.  Stand  by  generating 
facilities  for  providing  power  to  the  pumps  and  aerators 
would  further  improve  the  reliability  of  all  the  alterna- 
tives refined  in  the  chapter. 

Flexibility.  This  alternative  can  be  implemented  with 
the  reservoirs  providing  limited  protection  at  low  costs 
while  maintaining  the  capability  to  increase  the  extent  of 
protection  at  any  time.  Additional  protection  in  the  future 
would  be  provided  by  increasing  levee  heights  for  increased 
capacity  to  contain  storms  of  a larger  recurrence  interval. 
Advanced  levels  of  treatment  would  be  more  readily  obtain- 
able, since  all  of  the  stored  overflows  would  be  pumped 
through  the  existing  interceptor  system  for  treatment  at  a 
central  plant. 

Institutional  and  Legal  Constraints . The  system  would 
be  contained  within  the  City  of  Omaha  geographical  bound- 
aries. It  would  be  operated  and  controlled  by  city  per- 
sonnel. No  infringement  of  land  outside  the  sewerage  sys- 
tem would  be  required,  except  for  small  portions  in  the 
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Carter  Lake  area.  Some  properties  would  have  to  be  pur- 

f 

chased  by  an  authorized  institution  or  agency  for  use  as 
storage  reservoirs.  Potential  problems  may  be  encountered 
with  the  Riverfront  Development  Program,  which  would  con- 
flict with  the  land  use  requirements  for  this  alternative 
plan. 

Time  of  Construction.  The  construction  time  required 
for  this  alternative  plan  would  be  the  shortest  of  the 
plans  studied.  The  dikes  could  be  constructed  within  an 
estimated  2-year  period.  Modifications  to  the  existing 
diversion  structures  and  the  addition  of  pumping  stations 
and  conveyance  conduits  would  take  place  simultaneously 
with  the  construction  of  the  reservoirs.  Treatment 
facilities  at  the  Missouri  River  treatment  plant  would 
also  be  constructed  simultaneously. 

Implementation.  A projected  implementation  schedule 
for  Alternative  2 is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  could  become  operational  by 
June  1,  1979  provided  the  selection  of  this  plan  for  im- 
plementation is  made  no  later  than  Oct.  1,  1975. 

Environmental  Assessment 

Implementation  of  Alternative  2 will  have  some  eco- 
nomic effects  on  the  Omaha  area.  With  respect  to  changes 
in  output  and  production,  the  pre-storage  conveyance 
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facilities  and  the  treatment  facilities  will  require  con- 
crete and  steel  resources.  Some  earth  spoil  will  be 
generated  during  construction  of  the  reservoir  and  rock 
and  riprap  will  be  needed  for  wave  protection  on  the  reser- 
voir sides.  Public  contract  construction  will  increase 
during  the  construction  period.  The  costs  of  implementa- 
tion will  be  shared  by  the  community  and  the  federal  govern- 
ment, with  the  local  community  paying  $4.7  million  annually 
for  operation,  maintenance,  and  replacement.  Local  employ- 
ment would  be  increased  during  construction. 

With  respect  to  the  natural  environment,  the  implemen- 
tation of  Alternative  2 will  improve  the  Missouri  River 
water  quality  by  reducing  the  intermittent  loadings  of  feral 
coliforms,  BOD^,  suspended  solids,  nutrients,  toxic  sub- 
stances, dissolved  solids,  metals,  and  chemicals.  Air 
quality  may  be  adversely  affected  by  odor  problems  that 
could  result  if  the  aerators  fail  to  maintain  aerobic  con- 
ditions in  the  reservoirs.  Land  use  may  be  affected  by 
sludge  disposal,  disposal  of  excess  excavated  materials, 
and  requirements  for  storage  and  service  of  equipment  during 
construction.  This  alternative  will  not  alter  the  natural 
habitat  of  the  plant,  fish,  and  wildlife  in  the  area.  The 
proposed  reservoir  sites  are  neither  designated  forest  pre- 
serves or  wildlife  sancturaries.  The  surface  reservoirs 
along  the  river,  south  of  Burt-lzard  would  be  overlooked  by 
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residents  in  the  Riverfront  New- town- in-town  which  could 
result  in  potential  aesthetic  problems. 


The  lack  of  public  acceptance  for  aerated  lagoons  in 
or  near  urban  areas  could  be  a potential  problem.  Careful 
operation  and  maintenance  of  the  system  would  help  to  over- 
come many  of  the  objections.  The  lagoons  could  be  designed 
with  consideration  given  to  landscaping  and  adjacent  green 
areas,  including  recreational  parks  and  playgrounds. 

Unsightly  debris  and  floating  material  in  the  incoming 
wastewater  could  be  separated  initially  in  an  enclosed  struc- 
ture. A comprehensive  educational  program  aimed  at  public 
involvement  would  be  required  of  any  alternative  using 
aerated  reservoirs  and  lagoons  in  and  near  urban  areas. 
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Alternative  4A  - Deep  Tunnel  North  to  Ground  Level  Storage 

This  alternative  plan  utilizes  a deep  tunnel  svstem  to 
convey  combined  sewer  overflows  to  a ground  level  reservoir 
located  north  of  Council  Bluffs  in  Iowa.  Combined  sewer 
overflows  would  be  diverted  to  vertical  drop  shafts  and 
conveyed  to  a tunnel  located  approximated  500  feet  below 
the  ground  surface.  This  tunnel  would  be  bored  through  a 
sound  rock  formation,  paralleling  the  existing  interceptor. 
The  flow  would  be  from  the  Monroe  Street  outfall  north  to 
the  Minne  Lusa  outfall,  then  underneath  the  Missouri  River 
to  the  leservoir  in  Iowa.  The  difference  in  elevation  be- 
tween the  land  along  the  western  edoe  of  the  Missouri  River 
and  the  low-lying  area  north  of  Council  Bluffs  would  be 
sufficient  to  allow  the  water  to  flow  by  gravitv  to  a 
ground  level  storage  reservoir.  Captured  overflow  would 
then  be  pumped  back  across  the  Missouri  River  into  the 
interceptor  and  conveyed  to  the  Missouri  River  plant  for 
treatment. 

The  basic  components  of  this  svstem  are  the  dron  shafts, 
deep  tunnel,  pumping  stations,  ground  level  storage 
reservoir,  and  treatment  facilities. 

Drop  Shafts 

Combined  sewer  overflow  would  be  intercepted  near  the 
outfalls  at  the  Missouri  River,  as  shown  on  plate  33. 
Diversion  and  control  structures  at  these  points  would 
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direct  overflows  into  vertical  drop  shafts  for  deliverv  to 
the  tunnel  svstem.  Each  drop  shaft  structure  would  consist 
of  an  entrance  chamber,  vent  chamber,  drop  shaft,  dividino 
wall,  air  vent,  and  air  separation  chamber.  The  entrance 
chamber  would  house  the  diversion  and  control  structures. 

The  drop  shaft  would  be  separated  by  a dividina  wall  to  act 
as  an  air  vent.  Entrained  air  would  be  removed  in  the  air 
separation  chamber  at  the  bottom  of  the  drop  shaft  and 
returned  to 'the  surface  through  the  air  vent.  A tvpical 
drop  shaft  -structure  is  shown  on  Plate  34. 

Cost  estimates  were  based  on  a total  of  20  vertical  dron 
shafts,  ranging  from  8 to  18  feet  in  diameter  for  the  5-vear 
recurrence  interval. 

Conveyance  Tunnel 

A circular  unlined  tunnel,  bored  into  the  Mississippian 
formation,  approximately  500  feet  below  the  ground  surface, 
would  convey  the  combined  sewer  overflow  from  the  outfall 
points  to  the  reservoir.  This  tunnel  would  range  in  dia- 
meter from  15  to  40  feet  for  the  5-vear  recurrence  interval. 
From  the  flinne  Lusa  outlet,  the  tunnel  would  extend  east  for 
about  5,000  feet  to  an  exit  shaft  surfacing  at  a ground 
level  reservoir  on  the  east  side  of  the  Missouri  River. 

The  circular  tunnel  would  be  unlined  and  sloped  to 
provide  self-cleansincs  velocities  durina  overflow  events 
less  than  the  design  event.  Some  grouting  and  rock-bolting 
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may  be  necessary  to  minimize  infiltration  to  the  tunnel  and 
to  maintain  the  structural  soundness  of  the  tunnel  system. 

Velocities  in  the  tunnel  would  be  less  than  15  feet  per 
second  but  some  loosening  of  material  from  the  tunnel  wall 
can  still  be  expected.  To  capture  rocks  and  any  other 
large  debris  which  may  enter  the  tunnel  system,  rock  traps, 
similar  to  the  one  shown  on  Plate  35,  would  be  located  mid- 
way and  at  the  end  of  the  tunnel  system. 

It  was  assumed  that  an  unlined  tunnel  could  be  bored 
in  the  Mississippian  formation  by  a tunneling  machine 
(mole) . The  small  amount  of  deep  boring  data  available 
indicates  that  this  formation  is  similar  to  a massive  lime- 
stone formation  in  the  Chicago  area  where  such  construction 
was  carried  out  successfully.  Concepts,  cost  estimates, 
and  construction  time  are  based  on  Chicago  desions  and 
experience. 

A tunnel  located  in  shallower  rock  formations  would 
need  to  be  lined  for  structural  support  and  to  eliminate 
the  possibility  of  ground-water  infiltration  or  exfiltration 
of  combined  sewage  into  the  aauifers.  The  deep  ttinnel 
would  be  located  below  any  useable  aauifers  and  not  present 
a pollution  hazard. 

Lift  Station 

A lift  station  at  the  exit  shaft  would  be  reouired  to 
dewater  the  tunnel  within  3 to  4 davs  a^ter  the  storm. 


Liquid  would  be  pumped  out  of  the  tunnel  and  into  the 
ground  level  storage  reservoir  at  a rate  of  anoroximatelv 
60  mgd.  The  lift  station  would  include  facilities  such  as 
trash  racks,  pumps,  discharge  piping,  valves,  and  other 
items  as  shown  on  Plate  36.  An  elevator  shaft  would  be 
installed  to  provide  access  to  the  pumninq  facilities. 

No  grit  removal  facilities  would  be  associated  with  the 
lift  station.  The  grit  would  be  pumped  to  the  ground  level 
storage.  This  may  shorten  the  lift  of  the  pumps,  but 
would  eliminate  the  problem  of  operatina  a grit  removal 
facility  500  feet  below  the  ground  surface. 

Ground  Level  Surface  Storage  Reservoir 

The  ground  level  reservior  would  provide  storane  for  the 
collected  overflows.  For  the  5-year  recurrence  interval, 
a total  of  3660  A-ft  of  storage  would  be  reouired.  Since 
the  tunnel  system  would  contain  approximate.lv  730  A-ft  of 
storage,  2930  A-ft  would  be  rectuired  in  the  ground  level 
reservoir.  After  the  storm  or  runoff  event  has  subsided, 
a check  gate  at  the  inlet  to  the  reservoir  would  prevent 
flow  of  liquid  back  into  the  tunnel  svstem.  As  the  reservoir 
is  pumped  out,  the  tunnel  svstem  would  be  emotied  into  the 
reservoir.  Thus,  the  liquid  level  in  the  reservoir  would 
remain  unchanged  for  approximatelv  3 to  4 davs  as  the  tunnel 
is  being  dewatered. 
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The  ground  level  reservoir  could  also  be  constructed 
as  a multi-cell  storage  facility.  The  tunnel  and  first 
cell  would  be  constructed  to  store  overflow  from  the  1-vear 
recurrence  interval  event.  Additional  cells  would  be  emntv 
except  when  the  1-year  event  was  exceeded.  Ibis  would  re- 
duce the  problems  associated  with  grit  and  sludge  removal  in 
a larger  reservoir  and  reduce  the  number  of  aerators  needed 
to  maintain  aerobic  conditions. 

The  liquid  level  elevation  in  the  ground  surface  reser- 
voir would  be  approximately  980  ft  msl.  It  is  anticipated 
that  the  maximum  liquid  depth  in  this  reservoir  would  be 
approximately  15  ft.  Thus,  for  larger  design  recurrence 
intervals,  the  area  would  be  increased  proportionately  to 
obtain  the  required  storage  volume.  For  the  5-year  recur- 
rence interval,  the  area  reauired  for  the  reservoir  would 
be  about  200  acres.  The  surface  reservoir  would  have  a 
low  profile  with  grass-covered  side  slopes.  Typical  dimen- 
sions and  an  artist's  conceptual  layout  of  the  reservoir 
are  shown  on  Plate  37. 

Treatment  Facilities 

Treatment  of  the  stored  combined  sewer  overflow  could 
be  accomplished  at  the  reservoir  site  with  an  aerated  lagoon, 
or  the  stored  overflow  could  be  pumped  back  throuqh  the 
interceptor  to  the  Missouri  River  treatment  plant.  The 
cost  of  a contact-stabilization  system  at  the  Missouri  River 


or  lowered  to  increase  or  decrease  the  flow  to  the  inter- 
ceptor system.  During  overflow  events  greater  than  the 
design  recurrence  interval,  relief  gates  near  the  diversion 
structures  would  allow  the  excess  to  overflow  to  the 
Missouri  River  when  the  volume  in  the  reservoir  and  tunnel 
reaches  the  maximum  allowable  level.  This  would  prevent 
excessive  surcharging  and  local  flooding. 

Periodic  maintenance  would  be  required  to  remove  the 
rocks,  gravel  and  accumulated  grit  near  the  diversion 
structures  and  rock  traps.  Trash  racks  at  the  diversion 
structures  would  be  manually  cleaned  while  hydraulic  gates 
would  have  to  be  routinely  checked  because  of  infreauent 
use.  Drop  shafts  and  air  vents  must  be  periodically 
cleaned  to  remove  debris  and  scum  buildup.  The  tunnel 
system  would  also  require  periodic  maintenance  because  of 
erosion  and  slime  growth. 

Sludge  and  grit  would  accumulate  in  the  storaae  reser- 
voir and  would  be  cleaned  out  annual lv  each  November.  Hy- 
draulic dredges  would  be  used,  as  the  liquid  level  is 
lowered,  to  remove  the  settled  sludge  and  grit.  The  re- 
moved material  would  then  be  barged  to  the  existinq  treat- 
ment plant  for  disposal  by  incineration.  After  flushing, 
the  reservoir  would  be  drained  with  the  aerators  in  place, 
resting  on  concrete  pads. 
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treatment  plant  would  be  less  than  an  aerated  lagoon 
adjacent  to  the  reservoir  site. 

System  Performance  and  Operation 


At  the  beginning  of  an  overflow  event,  overflow  would 
be  directed  to  the  tunnel  through  drop  shafts.  Debris  that 
may  have  been  carried  into  the  combined  sewer  svstem  would 
be  prevented  from  entering  the  drop  shafts  by  trash  racks. 
After  the  tunnel  and  drop  shafts  had  filled,  overflow 
from  the  exit  shaft  would  begin  to  fill  the  ground  level 
surface  reservoir.  When  the  reservoir  was  filled  to  capa- 
city, the  maximum  water  elevation  in  the  drop  shafts  and 
trunk  sewers  would  be  attained.  This  is  illustrated  by  the 
intersection  of  the  hydraulic  grade  line  with  the  existing 
topography  of  the  study  area  as  shown  on  Plate  33.  Anv  area 
between  this  line  of  intersection  and  the  interceptor  would 
have  to  have  sewer  separation  and  rehabilitation  to  prevent 
local  flooding  problems  druing  the  period  of  maximum  sur- 
charge. Sewer  separation  for  less  than  20  acres  is 
included  in  the  total  costs  shown  for  this  alternative  plan. 

Diversion  structures  would  operate  when  the  combined 
sewer  flow  exceeds  the  capacity  of  the  interceptor  svstem. 
This  would  occur  for  approximately  75  percent  of  the  rain- 
fall events  during  the  spring,  summer,  and  fall  months.  An 
overflow  weir  in  the  diversion  structure  could  be  desicmed 
with  sufficient  flexibility  so  that  the  weir  could  be  raised 
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Special  Considerations 

The  use  of  in-system  attenuation,  sewer  separation,  and 
upstream  retention  as  elements  of  this  alternative  plan  was 
also  considered.  Individual  sewer  service  areas  were  ana- 
lyzed to  determine  the  advantages  and  disadvantages  of  these 
elements.  The  use  of  sewer  separation  or  in-svstem  attenua- 
tion appears  uneconomical  since  reduction  in  the  overall 
cost  of  conveyance,  storage,  and  treatment  facilities  would 
not  offset  the  additional  expense.  The  use  of  upstream  re- 
tention offers  the  greatest  potential.  The  cost  of  the  tun- 
nel between  the  drop  shaft  at  the  Grace  Street  overflow  point 
and  the  drop  shaft  at  the  Minne  Lusa  overflow  point  might  be 
substantially  reduced  with  the  use  of  upstream  retension 
through  the  reduction  of  peak  flow  rates  in  this  section  of 
the  deep  tunnel.  The  cost  of  this  alternative  plan  could 
be  reduced  if  upstream  retention  sites  using  storage  that 
costs  less  than  $30,000  per  acre-foot  could  be  found  in  the 
Grace  Street  Service  area.  Hie  final  location  of  upstream 
retention  sites  in  the  Grace  Street  service  area  would  de- 
pend upon  local  flooding  problems,  availability  of  land,  and 
the  possible  urban  renewal  projects  that  may  take  place  under 
the  Riverfront  Development  Program. 

System  Cost  and  Economic  Considerations 

The  estimated  cost  and  economic  evaluation  of  this 
alternative  plan  were  based  upon  the  location  of  the  drop 


VII-44 


shafts,  deep  tunnel,  and  surface  storaqe  reservoir  as  shown 
on  Plate  33.  The  total  construction  cost  for  the  major 
components  is  estimated  to  be  $144.6  million.  Annual  opera- 
tion and  maintenance  costs  are  estimated  to  be  $5.1  million. 

If  this  system  were  desiqned  to  store  and  treat  suffici- 
ent volume  for  the  1-year  recurrence  interval,  then  the  con- 
struction cost  could  be  decreased  bv  approximately  $48 
million,  to  a total  of  $96.5  million.  Comparable  annual 
costs  would  decrease  insignificantly. 

Construction  costs  described  above  include  necessary 
treatment  to  meet  Level  1 or  secondarv  treatment.  However, 
if  a higher  degree  of  treatment  is  desired,  then  incremental 
costs  must  be  added  to  achieve  these  levels.  It  would  re- 
quire an  additional  $30  million  to  achieve  Level  2 treat- 
ment, utilizing  a tertiary  treatment  and  nutrient  removal 
facilities.  Additional  advanced  waste  treatment  to  meet 
background  water  quality  objectives  (Level  3)  would  renuire 
additional  processes,  estimated  at  a cost  of  $30  million 
over  the  cost  of  Level  2 treatment. 

Associated  Effects 

This  alternative  plan  requires  consideration  of  several 
associated  effects  as  additional  factors  in  the  plan  eval- 
uation. These  associated  effects  and  considerations  are 
discussed  in  the  following  section. 
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In  the  event 


failures  in  the  existing  interceptor  system, 
of  such  a mechanical  failure,  the  dry-weather  flow  could 
be  diverted  to  a drop  shaft  and  tunnel.  This  additional 
load  on  the  ground  level  reservoir  would  sliahtlv  reduce 
the  volume  available  to  control  the  design  event. 

Reliability.  The  operation  of  this  system  does  not 
depend  upon  pumping  the  peak  overflow  rates.  The  major 
mechanical  facilities  subject  to  breakdown  are  the  pumping 
stations  that  pump  stored  overflows  to  treatment  or  de- 
water  the  tunnel.  However,  the  tunnel  is  large  enough  to 
store  almost  one  half  of  the  overflow  events  that  occur 
during  the  year.  Thus,  there  would  be  capacity  in  the 
tunnel  for  short  term  sotrage  if  mechanical  problems  occur 
with  the  pumping  station  used  to  emptv  the  surface  reservoir. 

Flexibility.  This  alternative  could  easilv  be  expanded 
or  modified  to  handle  events  of  larger  recurrence  intervals 
by  increasing  the  volume  of  the  storage  reservoir  and  by 
increasing  the  treatment  capabilities  at  the  treatment 
plant.  Although  the  conveyance  tunnel  could  not  easily 
be  enlarged  to  handle  higher  peak  flows  for  larger  recur- 
rence intervals,  the  addition  of  upstream  retention  to 
lower  these  peak  flows  could  be  used  for  that  purpose. 

A constraint  on  this  system  is  the  capacity  of  the  ex- 
isting interceptor.  If  the  system  were  sized  to  handle 
larger  recurrence  interval  events,  the  pump-out  rate  from 


Energy.  The  major  components  utilizing  electrical 
power  as  a source  of  energy  for  this  alternative  plan  would 
be  the  aeration  equipment  in  the  reservoir,  the  pumping 
station  used  to  dewater  the  deep  tunnel  and  the  reservoir, 
and  the  bio-treat  system.  The  power  cost  is  estimated  to 
be  $2.0  million  per  year. 

Manpower.  This  alternative  plan  would  ge  almost  fully 
automated.  The  estimated  number  of  personnel  would  be  23 
full-time  maintenance  and  operation  emplovees.  During  the 
winter  season,  there  may  be  slight  increases  in  personnel 
required  for  servicing  the  tunnel  system.  Operation  of 
these  systems  could,  however,  continue  during  labor  strikes 
and  shutdowns. 

Resources . This  alternative  plan  could  be  effective 
in  conserving  existing  resources.  The  only  land  required 
is  the  surface  storage  reservoir  in  an  agricultural  area. 
The  conveyance  tunnel  to  that  storage  facility  would  be 
located  underground.  The  pump-back  facilities  would  pri- 
marily consist  of  the  existing  interceptor  svstem.  The 
force  main  from  the  storage  reservoir  to  the  existing  in- 
terceptor system  would  be  located  underground.  The  mined 
rock  obtained  from  the  construction  of  the  tunnel  would 
offer  potential  resource  that  might  be  sold  as  a construc- 
tion material. 

Multi-use  Potential.  The  system  could  be  used  to  in- 
tercept dry-weather  overflows  which  occur  due  to  mechanical 


VII-47 


the  storage  reservoir  would  be  increased  or  the  detention 
time  in  the  reservoir  would  have  to  be  increased.  If  the 
pump-out  rate  were  increased,  capacity  of  the  existing 
interceptor  system  which  is  now  available  for  future 
industrial  flow  would  be  reduced  as  shown  in  Table  VII-3. 

Institutional  and  legal  constraints . The  drop  shafts 
and  tunnel  system  would  be  located  below  ground  on  the 
Nebraska  side  of  the  Missouri  River  within  the  city  limits 
of  Omaha.  However,  the  ground  level  surface  reservoir 
would  be  located  in  Iowa.  Thus,  some  institutional  and 
legal  problems  may  arise  if  land  in  Iowa  is  to  be  used  for 
alleviating  pollution  problems  in  Omaha,  Nebraska. 

Time  of  Construction . The  system  could  be  constructed 
in  phases,  with  the  drop  shafts  and  diversion  structures 
to  be  built  initially.  This  could  be  followed  by  construc- 
tion of  the  deep  tunnel  and  surface  storaae  reservoir.  The 
deep  tunnel  would  require  a period  of  approximately  two  years 
to  complete.  However,  if  the  tunnel  were  constructed  bv 
starting  at  more  than  one  location  and  if  three  shifts  per 
day  were  utilized,  the  tunnel  could  be  constructed  in  about 
one  year.  The  treatment  facilities  could  be  constructed  at 
the  same  time  with  the  tunnel  and  reservoir  facilities. 

These  treatment  facilities  could  also  be  constructed  at  the 
same  time  with  the  upgraded  Missouri  River  treatment  plant, 
construction  of  the  treatment  facilities  may  take  from  12 
to  18  months.  Drop  shafts  and  diversion  structures  could 
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With  respect  to  the  natural  environment,  the  implementa- 
tion of  Alternative  4A  will  improve  the  Missouri  River 
water  quality  by  reducing  the  intermittent  loadings  of  fecal 
coliforms,  BOD^.,  suspended  solids,  nutrients,  toxic  sub- 
stances, dissolved  soilds,  metals,  and  chemicals.  Air 
quality  may  be  adversely  affected  by  dust  and  particulates 
during  construction  and  odor  problems  may  occur  if  there 
are  mechanical  failures  of  aerators  in  the  storage  reser- 
voirs. Land  uses  may  be  affected  by  slude  disposal,  dis- 
posal of  excess  excavated  or  mined  materials,  storage  of 
construction  aggregate,  and  storage  and  servicing  of 
construction  equipment. 

Alternative  4B  - Excavated  Storage  North  - 
Deep  Tunnel  to  Ground  Level  Storage 

The  Omaha  Missouri  River  sewerage  system  can  be  con- 
sidered as  two  distinct  zones,  with  different  topographic 
features.  The  topography  in  the  Mormon  Street,  Minne  Lusa 
Street,  and  Grace  Street  sewer  service  areas  does  not  in- 
clude steep  bluffs  along  the  interceptor  such  as  occur  along 
the  South  Omaha  interceptor.  Thus,  ground  level  in  these 
northern  service  areas  rises  gradually  compared  to  the 
sharp  increase  in  grade  near  the  river  south  of  the  down- 
town Omaha  area.  Based  on  this  topographic  difference,  this 
plan  would  use  two  excavated,  open  reservoirs  in  the  North- 
ern zone  to  store  the  overflow  from  the  Mormon,  Minne  Lusa, 
and  Grace  Street  service  areas.  In  the  southern  zone,  the 


also  be  constructed  within  12  to  18  months.  The  total  con- 
struction time  for  the  complete  system  is  estimated  at 
approximately  30  months. 

Implementation . A projected  implementation  schedule 
for  Alternative  4A  is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  would  become  operational  by 
April  1,  1980  provided  the  selection  of  this  plan  is  made 
no  later  then  October  1,  1975. 

Environmental  Assessment 

Implementation  of  Alternative  4A  will  have  some 
economic  effects  on  the  Omaha  area.  With  respect  to  changes 
in  production  and  output,  the  construction  of  the  deep 
tunnel  system  will  require  concrete  and  steel,  but  will 
produce  earth  and  rock  spoil.  The  rock  may  be  marketed  as 
a concrete  aggregate  or  as  crushed  stone,  and  the  earth 
used  as  landfill.  Public  contract  construction  will  in- 
crease during  the  construction  period.  The  costs  of  im- 
plementation would  be  shared  by  the  community  and  the 
federal  government,  with  the  community  paying  more  than 
$4  million  annually  for  operation,  maintenance,  and  re- 
placement. Some  local  employment  would  be  increased  during 
construction,  but  much  of  the  construction  below  ground 

' 

would  be  by  contractors  from  outside  the  local  area. 

Approximately  200  acres  of  agricultural  land  will  be  taken 
out  of  production  to  construct  the  reservoir. 
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elevation  differential  between  the  bluffs  and  the  river 
would  provide  energy  to  convey  overflows  from  the  Burt- 
Izard  Street  service  area  south  to  a ground  level  reservoir 
in  Iowa.  Conveyance  for  the  southern  zone  would  be  by  deep 
tunnel,  constructed  several  hundred  feet  below  grade  in 
sound  rock  formations.  In  this  manner,  all  of  the  southern 
zone  overflows  would  be  conveyed  to  the  reservoir  by  gravitv 
flow  as  in  alternative  4A. 

The  major  components  required  would  be  pre-storage  con- 
veyance, storage  facilities,  post-storage  conveyance  systems, 
and  treatment  facilities.  Of  these  major  components,  only 
the  treatment  facilities  are  common  to  both  the  north  and 
south  zones.  The  location  of  these  components  are  shown  on 
Plate  38. 

Pre-storage  Conveyance  Systems 

Conveyance  of  overflow  to  storaqe  facilities  reauires 
that  the  conveyance  systems  be  sized  to  convey  peak  flow 
rates  that  occur  during  an  overflow  event.  Because  these 
peak  overflow  rates  are  on  the  order  of  100  times  the  dry- 
weather  flow  rates,  the  pre-storage  convevance  systems  re- 
quire special  consideration. 

Northern  Zone.  In  the  northern  zone,  the  relatively 
short  distances  between  the  overflow  points  and  the  excava- 
ted storage  reservoir  allow  for  use  of  large  box  sewers  or 
open  channel  conveyance  systems.  Overflows  from  the  Mormon 
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Street  area  would  be  conveyed  bv  a box  sewer  to  the  Minne 
Lusa  Street  outfall.  From  the  Minne  Lusa  Street  outfall, 
a much  larger  box  sewer,  approximately  2500  feet  long, 
would  convey  overflows  from  both  service  areas  to  the 
storage  reservoir.  For  the  5-year  recurrence  interval, 
this  box  sewer  is  estimated  to  be  18  ft  by  35  ft.  The  use 
of  an  open  channel  to  convey  the  overflow  to  the  storage 
reservoir  would  be  about  one-third  the  cost  of  the  box 
sewer,  but  the  channel  would  traverse  through  a residential 
area  and  would  not  be  acceptable. 

Overflows  from  the  Grace  Street  service  area  would  be 
conveyed  in  the  existing  Grace  Street  outfall  channel  and 
directed  into  the  storage  reservoir  by  means  of  a diversion 
structure. 

Southern  Zone.  Overflows  from  the  service  areas  south 
of  the  Grace  Street  area  would  be  diverted  into  vertical 
drop  shafts  and  a deep  tunnel  system.  Each  drop  shaft 
structure  would  consist  of  an  entrance  chamber,  drop  shaft 
with  a dividing  wall  and  air  vent,  and  air  separation 
chamber.  The  details  of  the  system  would  be  similar  to 
Alternative  4A  described  previously. 

The  drop  shaft  diameters  for  the  5-year  recurrence 
interval  would  vary  from  5 to  18  ft  in  diameter.  The  11 
shafts  would  be  circular  and  concrete  lines.  Depths  of  the 
drop  shafts  would  average  about  500  ft.  depending  upon  the 
best  rock  formation  for  construction  of  the  tunnel  system. 
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capacity  to  store  the  design  event  and  would  be  used  infrenu- 
ently  so  aeration  equipment  could  be  kept  on  stand-bv  to 
operate  only  for  the  larger  storm  events. 

Northern  Zone.  The  northern  excavated  reservoir  would 
-core  overflows  from  the  Mormon  and  Minne  Lusa  Street  ser- 
vice areas.  This  reservoir  would  cover  a surface  area  of 
about  74  acres  to  contain  the  5-year  event  as  shown  on 
Plate  38.  The  entire  storage  volume  would  be  below  the 
existing  grade  elevation  to  allow  gravitv  flow  into  the 
reservoir.  The  design  water  surface  elevation  would  be 
about  970  ft,  mean  sea  level  (msl) , and  the  reservoir  bot- 
tom would  be  about  955  ft,  msl.  The  reservoir  would  have 
a clay  lining,  underdrain  system,  and  riprap  to  protect 
against  wave  action  on  the  inside  side  slopes  as  shown  on 
Plate  39.  The  lining  and  underdrain  svstem  are  necessarv 
to  prevent  uplift  because  of  the  high  ground  water  condi- 
tions in  the  area. 

The  overflow  from  the  Grace  Street  service  area  would 
be  stored  in  a reservoir  similar  to  the  Minne  Lusa  reser- 
voir. The  location  of  the  reservoir,  as  shown  on  Plate  38, 
would  be  between  the  oil  storage  tanks  and  Abbott  Drive. 

For  the  5-year  event  the  surface  area  covered  bv  this 
reservoir  would  be  about  26  acres.  The  design  water 
surface  elevation  of  the  reservoir  would  be  about  990  ft, 
msl,  and  the  maximum  operating  liquid  depth  would  be  15  ft. 


VII-54 


i 


t 


The  tunnel  system  would  extend  south  from  the  Burt-Izard 
drop  shaft  to  the  South  Omaha  drop  shaft  and  would  parallel 
the  South  Omaha  interceptor.  Overflow  from  the  Monroe 
Street  and  "U"  Street  service  areas  would  flow  north  through 
a smaller  tunnel  joining  the  larger  tunnel  below  the  South 
Omaha  outfall.  From  this  point  the  tunnel  would  extend 
east  under  the  Missouri  River  for  about  6000  ft.  At  the  end 
of  the  deep  tunnel  there  would  be  an  exit  shaft  to  the 
surface  storage  reservoir.  The  tunnel  diameter  would  varv 
from  18  to  30  ft. 

After  an  overflow  event,  the  tunnel  svstem  would  be  de- 
watered, usually  within  3 to  4 days,  to  provide  storage 
capacity  for  the  next  event.  A lift  station  at  the  exit 
shaft  would  include  facilities  such  as  trash  racks,  pumps, 
discharge  piping,  valves,  and  other  items,  as  shown  on 
Plate  36. 

Storage  Facilities 

Storage  reservoirs  for  both  zones  will  be  located  at  the 
ground  surface.  These  reservoirs  would  be  aerated  with 
surface  aerators  to  maintain  settleable  solids  in  suspension 
and  to  maintain  aerobic  conditions.  The  reservoirs  could 
be  multi-celled  to  minimize  the  number  of  surface  aerators 
operating  during  periods  when  overflow  events  normally 
occur.  The  first  cell  could  be  sized  to  contain  the  esti- 
mated volume  of  overflow  for  the  event  with  a 1-vear  recur- 
rence interval.  The  additional  cells  would  provide  reserve 
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Southern  Zone.  The  single  reservoir  for  the  storage 
of  overflows  from  the  southern  zone  would  be  located  directlv 
east  of  the  South  Omaha  outfall,  on  the  Iowa  side  of  the 
Missouri  River,  as  shown  on  Plate  38.  The  bottom  of  this 
clay-lined  reservoir  would  be  at  about  elevation  970  ft, 
msl,  the  existing  ground  surface  elevation.  For  the  5-vear 
event  the  surface  area  requirement  for  this  reservoir  would 
be  144  acres,  based  upon  a design  water  elevation  of  985 
ft,  msl.  The  details  of  this  reservoir  would  be  similar 
to  the  ground  level  reservoir  described  in  the  previous 
alternative  Plan  4A. 

Post-Storage  Conveyance  Facilities 

A pumping  station  would  be  provided  at  each  reservoir. 

The  Minne  Lusa-Mormon  Street  punping  station  would  dis- 
charge the  stored  overflow  to  the  existing  North  Omaha 
interceptor.  The  stored  overflow  in  the  Grace  Street 
reservoir  would  be  pumped  to  the  South  Omaha  interceptor. 
Overflows  stored  in  the  ground  level  reservoir  in  Iowa 
would  be  pumped  out  through  a force  main  across  the 
Missouri  River  to  the  South  Omaha  interceptor. 

Treatment  Facilities 

All  stored  overflow  would  be  treated  at  the  upgraded 
Missouri  River  treatment  plant.  For  planning  purposes, 
the  equivalent  of  secondary  treatment  would  be  provided  by 
a contact  stabilization  system.  Higher  levels  of  treatment 
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could  be  obtained  by  constructing  additional  unit  processes 
such  as  ammonia  stripping  towers,  multi-media  filtration, 
alum  addition  for  phosphorus  removal,  ion  exchange,  and/or 
activated  carbon. 

System  Operation  and  Performance 

Combined  sewer  overflow  would  be  diverted  to  the  pre- 
storage conveyance  facilities  whenever  the  interceptor 
system  was  overloaded.  The  storage  reservoirs  could  be 
constructed  as  a multi-cell  facility.  Then  the  overflow 
would  enter  the  first  cells  where  grit  and  settleable 
solids  would  be  deposited.  Liquid  levels  in  the  first  cells 
would  vary  with  the  amount  of  overflow  captured.  After 
each  overflow  event  the  stored  overflow  would  be  pumped 
out,  leaving  a liquid  cover  of  several  feet  to  help  mini- 
mize odors.  The  other  cells  in  reservoirs  would  receive 
flow  less  frequently  thus  requiring  less  maintenance. 
Hydraulic  dredges  would  be  used  to  remove  the  accumulated 
grit  and  sludge  each  November.  The  dredged  material  would 
then  be  barged  from  each  reservoir  to  the  existing  Missouri 
River  treatment  plant  for  incineration.  After  flushing 
the  reservoirs,  the  water  can  be  drained  and  the  aerators 
left  in  place,  resting  on  concrete  pads.  In  this  manner, 
freezing  problems  and  odor  problems  would  be  minimized. 

The  pre-storage  conveyance  facilities  to  the  northern 
reservoirs  would  be  pumped  out  by  the  same  pumping  station 
that  empties  the  storage  reservoirs. 
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Leavenworth,  South  Omaha,  and  Monroe  Street  service  areas 
provided  the  cost  if  less  than  $30,000  per  A-ft  of  storage 
volume . 

System  Cost  and  Economic  Considerations 

For  this  alternative  plan,  the  location  of  the  major 
components  is  shown  in  Plate  38.  The  estimated  construction 
cost  for  construction  for  the  5-year  recurrence  interval  of 
the  major  components,  as  shown  on  Plate  27,  is  estimated  to 
be  $111.0  million.  The  annual  operation  and  maintenance 
costs  for  this  alternative  plan  are  estimated  to  be  $5.1 
million. 

If  this  system  were  designed  to  provide  protection 
from  the  1-year  recurrence  event,  the  total  construction 
cost  would  be  decreased  by  approximately  $31  million  to  a 
cost  of  $80.2  million.  Comparable  annual  costs  would 
decrease  insignificantly. 

Hie  construction  costs  described  above  include  the 
treatment  required  to  meet  Level  1 or  secondary  treatment. 
However,  if  a higher  degree  of  treatment  is  desired,  then 
an  incremental  cost  would  be  required  similar  to  the 
alternatives  previously  described. 

Associated  Effects 

Hie  evaluation  of  alternative  plans  requires  considera- 
tion of  several  associated  effects  as  a means  of  plan  com- 
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The  southern  zone  components  would  one rate  the  same  as 
the  tunnel  and  reservoir  system  as  in  Alternative  4A 
described  previously. 

Special  Considerations 

The  use  of  sewer  separation,  upstream  storage  and  in- 
system  attenuation  were  considered  as  possible  elements  of 
this  alternative  plan.  In-system  attenuation  offers  no 
economic  savings  because  of  its  relatively  high  cost  when 
compared  with  the  cost  of  the  basic  plan  components. 

Sewer  separation  in  the  Burt-Izard  service  area  is, 
however,  an  attractive  element  for  this  alternative  plan. 
Separation  in  this  area  is  based  on  the  intersection  of 
the  hydraulic  grade  line  for  the  deep  tunnel  svstem  and 
the  topographic  contours,  as  shown  on  Plate  38,  indicatina 
that  part  of  the  Burt-Izard  service  area  would  have  local 
flooding  problems  during  the  design  event.  The  area 
required  for  separation  would  be  approximated  260 

Upstream  retention  may  also  be  a possible  element  to 
reduce  peak  flows  in  the  tunnel  system  and  the  required 
storage  volume  of  the  storage  reservoir  in  Iowa.  Whenever 
local  flooding  problems  in  the  southern  zone  could  be  al- 
leviated by  an  upstream  retention  basin,  use  of  such  a 
basin  would  reduce  the  overall  cost  of  this  alternative 
plan.  Cost  reduction  potential  for  the  total  plan  would 
be  greatest  for  upstream  retention  sites  in  the  Burt-Izard, 


parison.  These  considerations  are  discussed  below  for  this 
alternative  plan. 

Energy.  The  major  components  using  electrical  power 
as  an  energy  source  are  aeration  equipment,  pumping  stations, 
and  bio-treat  system.  The  power  cost  is  estimated  to  be 
$1.9  million  per  year. 

Manpower.  This  alternative  plan  could  be  almost  en- 
tirely automated.  The  total  number  of  operating  and  main- 
tenance personnel  is  estimated  at  23  full  time  employees. 
During  the  winter,  a slight  increase  in  maintenance  and 
cleanup  personnel  would  be  required  to  service  the  tunnel. 
Operation  of  these  facilities  could,  however,  continue 
during  labor  strikes  and  shutdowns. 

Resources . The  only  land  requirements  for  this  plan 
are  the  storage  reservoirs.  The  larger  southern  reservoir 
of  144  acres  would  be  located  on  what  is  now  agricultural 
land.  The  northern  sites  would  preempt  land  planned  for 
industrial  use.  Spoil  from  the  excavated  reservoirs  in  the 
North  would  have  to  be  disposed  of  by  landfill.  The 
excavated  rock  from  the  tunnel  could  supplement  the  present 
local  sources  of  aggregate  and  possibly  be  sold  locally. 

Multi-use  Potential.  This  alternative  could  capture 
and  treat  not  only  combined  sewer  overflows , but  also  dry- 
weather  sewage  by-passes  caused  by  mechanical  failure  in 
the  present  system.  In  the  event  of  such  a failure,  dry- 


weather  flow  could  be  diverted  to  storage  and  subsequent 
treatment. 

Reliability.  The  operation  of  this  plan  is  not  de- 
pendent upon  pumping  the  peak  overflow  rates.  All  flow  to 
storage  is  conveyed  by  a gravity  system.  The  major  mech- 
anical facilities  subject  to  break-down  are  the  pimping 
stations  that  pump  the  stored  overflows  to  treatment  or 
dewater  the  tunnel.  Without  operation  of  these  pumps,  the 
plan  would  still  provide  primary  treatment  of  the  overflow 
in  the  storage  reservoirs.  Power  outages  could  result  in 
odor  producting  conditions  for  short  periods  in  the  aerated 
storage  reservoirs.  The  effect  would  be  similar  for  all 
alternatives  since  all  plans  require  storage  supplemented 
by  aeration. 

Flexibility.  This  alternative  could  easily  be  expanded 
or  modified  to  handle  events  with  larger  recurence  inter- 
vals by  increasing  the  volume  of  the  storage  reservoirs 
and  the  treatment  capacity.  The  capacity  of  conveyance 
facilities  could  not  be  as  easily  increased,  but  upstream 
retention  could  be  used  for  this  purpose.  In  addition, 
higher  levels  of  treatment  could  be  provided  at  the  treat- 
ment plant  with  a degree  of  flexibility  similar  to  the 
planned  upgraded  Missouri  River  treatment  plant. 

The  capacity  of  the  existing  interceptor  which  is  now 
available  for  future  industrial  flow  would  be  reduced  with 


larger  design  recurrence  intervals  as  shown  in  Table  VI 1-4. 
This  effect  could  be  offset  by  increasing  the  storage  vol- 
ume and  reducing  the  treatment  rate. 

Institutional  and  Legal  Constraints.  The  southern  zone 
storage  reservoir  in  Iowa  and  the  Grace  Street  reservoir 
will  be  outside  the  city  limits  of  Omaha.  Both  of  these 
reservoirs  would  be  located  in  Iowa.  Institutional  and 
legal  problems  may  arise  if  land  in  Iowa  is  used  to  allevi- 
ate pollution  problems  in  Omaha. 

Time  of  Construction.  The  system  components  for  this 
plan  could  be  constructed  in  several  phases,  or  simultane- 
ously. Construction  in  the  northern  zone  can  be  preformed 
independently  of  the  southern  zone.  A construction  time 
of  12  to  18  months  is  estimated  for  the  northern  conveyance 
and  storage  facilities.  A construction  time  of  12  to  18 
months  is  also  estimated  for  the  treatment  conveyance  and 
storage  facilities  in  the  southern  zone.  The  construction 
time,  estimated  for  the  tunnel  system,  is  based  upon  working 
three  shifts  per  day  and  constructing  drop  shafts  independ- 
ently of  the  tunnel.  Thus,  the  entire  system  could  be  con- 
structed in  approximately  30  months. 

Implementation . A projected  implementation  schedule 
for  Alternative  4B  is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  would  become  operational  by 
April  1,  1980  provided  the  selection  of  this  plan  is  made 
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no  later  than  October  1,  1975. 

Environmental  Assessment 

Implementation  of  Alternative  4B  will  have  minor 
economic  effects  on  the  Omaha  area.  With  respect  to  changes 
in  production  and  output,  the  construction  of  the  tunnel 
system  will  require  concrete  and  steel  while  producing 
earth  and  rock  spoil.  The  rock  may  be  marketed  as  a con- 
crete aggregate  or  as  crushed  stone  and  the  earth  used  as 
landfill.  Some  farmland  will  be  taken  out  of  production 
for  the  southern  reservoir,  and  the  reservoir  in  the  nor- 
thern zone  will  preempt  industrial  development.  Public 
contract  construction  will  increase  during  the  construction 
period.  Local  employment  will  increase,  but  much  of  the 
construction  work  on  the  tunnel  system  would  probably  be 
by  contractor  from  outside  the  Omaha  area.  The  costs  of 
implementation  will  be  shared  by  the  local  community  and 
the  federal  government  with  the  local  community  paying  more 
than  $4  million  annualy  for  operation,  maintenance,  and 
replacement. 

With  respect  to  the  natural  environment,  the  imple- 
mentation of  Alternative  4B  would  be  similar  to  the  impact 
discussed  for  the  previous  alternative  plan. 
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Institutional  and  Legal  Constraints.  The  southern  zone 


storage  reservoir  in  Iowa  and  the  Grace  Street  reservoir 
will  be  outside  the  city  limits  of  Omaha.  Both  of  these 
reservoirs  would  be  located  in  Iowa.  Institutional  and 
legal  problems  may  arise  if  land  in  Iowa  is  used  to  allevi- 
ate pollution  problems  in  Omaha. 

Time  of  Construction.  The  system  components  for  this 
plan  could  be  constructed  in  several  phases , or  simultane- 
ously. Construction  in  the  northern  zone  can  be  performed 
independently  of  the  southern  zone.  A construction  time 
of  12  to  18  months  is  estimated  for  the  northern  conveyance 
and  storage  facilities.  A construction  time  of  12  to  18 
months  is  also  estimated  for  the  treatment  conveyance  and 
storage  facilities  in  the  southern  zone.  The  construction 
time , estimated  for  the  tunnel  system,  is  based  upon  working 
three  shifts  per  day  and  constructing  drop  shafts  independ- 
ently of  the  tunnel.  Thus,  the  entire  system  could  be  con- 
structed in  approximately  30  months. 

Implementation . A projected  implementation  schedule 
for  Alternative  4B  is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  would  become  operational  by 
April  1,  1980  provided  the  selection  of  this  plan  is  made 
no  later  than  October  1,  1975. 
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Environmental  Assessment 


Implementation  of  Alternative  4B  will  have  minor 
economic  effects  on  the  Omaha  area.  With  respect  to  chances 
in  production  and  output,  the  construction  of  the  tunnel 
system  will  require  concrete  and  steel  while  producing 
earth  and  rock  spoil.  The  rock  may  be  marketed  as  a con- 
crete aggregate  or  as  crushed  stone  and  the  earth  used  as 
landfill.  Some  farmland  will  be  taken  out  of  production 
for  the  southern  reservoir,  and  the  reservoir  in  the  nor- 
thern zone  will  preempt  industrial  development.  Public 
contract  construction  will  increase  during  the  construction 
period.  Local  employment  will  increase,  but  much  of  the 
construction  work  on  the  tunnel  system  would  probably  be 
by  contractorfrom  outside  the  Omaha  area.  The  costs  of 
inplementation  will  be  shared  by  the  local  communitv  and 
the  federal  government  with  the  local  community  paying  more 
than  $4  million  annually  for  operation,  maintenance,  and 
replacement. 

With  respect  to  the  natural  environment,  the  imple- 
mentation of  Alternative  4B  would  be  similar  to  the  impact 
discussed  for  the  previous  alternative  plan. 


Alternative  5A  - Deep  Tunnel  With  Mined  Storage 


The  basic  concept  of  the  deep  tunnel  and  mined  storage 
alternative  was  described  earlier  in  the  discussion  of  al- 
ternative concepts.  Although  this  alternative  was  not  one 
of  the  least  cost  concepts,  it  was  decided  to  proceed  with 
further  evaluation  in  order  to  provide  an  alternate  plan 
without  ground  level  storage. 

This  alternative  consists  of  a deep  tunnel  system  for 
conveying  combined  sewer  overflows  to  a storage  reservoir 
mined  in  sound  rock  beneath  the  Missouri  River  treatment 
plant.  The  combined  sewer  overflow  would  be  dropped  through 
vertical  shafts  to  an  unlined  tunnel  that  would  generally 
parallel  the  Missouri  River.  The  tunnel  would  be  designed 
to  flow  full  and  utilize  the  available  head  to  convey  the 
overflows  to  a central  mined  storage  reservoir  about  500 
feet  below  the  surface.  The  mined  reservoir  would  consist 
of  large  unlined  chambers  in  the  Mississippian  geologic 
formation.  The  reservoir  would  be  divided  into  two  separate 
sections  with  the  first  used  for  solids  separation  and  set- 
tling and  the  second  as  the  main  area  for  aerated  storage. 

The  solids  settling  section  would  be  sized  to  contain 
overflows  from  smaller  storms,  while  retaining  the  majority 
of  the  solids  generated  by  most  storms.  The  excess  from 
larger  storms  would  overflow  into  the  main  storage  reservoir. 
This  partially  biologically  treated  overflow  would  then  be 


pumped  to  the  treatment  facility  at  the  ground  surface  at 
a constant  rate. 

Drop  Shafts 

The  existing  combined  sewers  would  be  intercepted  near 
the  outfalls  at  the  Missouri  River,  as  shown  on  Plate  40. 
Diversion  or  control  structures  at  these  points  would  di- 
ert  overflow  exceeding  the  existing  interceptor  capacity 
into  the  vertical  drop  shafts  for  delivery  to  the  tunnel 
system  as  described  for  preceding  alternatives.  These 
shafts  would  differ  from  those  in  preceding  alternatives 
in  that  they  would  be  gated  to  prevent  flooding  of  the 
mined  reservoir  when  the  reservoir  is  full.  A total  of  20 
vertical  shafts  would  require  varying  from  8 feet  to  18  feet 
in  diameter  for  the  5 year  recurrence  interval.  Since  the 
storage  reservoir  would  be  far  below  the  ground  surface, 
there  would  be  no  surcharging  of  sewers  as  in  other  deep 
tunnel  alternatives. 

Conveyance  Tunnels 

A circular  unlined  tunnel,  similar  in  concept  to  pre- 
ceding alternatives,  ranging  in  diameter  from  19  to  28  feet, 
and  about  ten  miles  long,  would  convey  the  flow  from  the 
vertical  drop  shafts  to  the  mined  storage  facilities  as 
shown  on  Plate  40.  The  tunnel  would  be  designed  for  flow 
velocities  up  to  40  feet  per  second.  The  tunnel  would  also 
be  designed  with  sufficient  slope  to  maintain  self  cleansing 
velocities  for  the  minor  storms  when  the  system  would  only 
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be  partially  full. 

Mined  Storage  Reservoir 

The  mined  storage  reservoir  would  provide  storage 
capacity  for  the  overflows  prior  to  treatment  at  the  Mis- 
souri River  plant.  The  reservoir  would  be  constructed  by 
high  production  mining  methods.  The  room  and  pillar 
arrangement  shown  would  make  available  a large  number  of 
working  faces  efficiently  utilizing  equipment  and  labor 
throughout  the  construction  cycle.  The  galleries  or  cham- 
ber headings  would  be  spaced  approximately  200  feet  apart 
and  would  be  approximately  35  feet  wide  by  70  feet  high 
consisting  of  approximately  68,000  lineal  feet  of  galleries 
constructed  in  an  honeycomb  fasion.  These  dimensions 
would  be  dependent  on  the  geologic  characteristics  of  the 
rock.  In  the  Mississippian  formation,  rock  bolting  may 
be  adequate  for  structural  integrity  and  lining  of  the 
reservoir  should  not  be  required. 

The  reservoir  would  be  divided  by  overflow  structures 
into  two  sections,  a smaller  section  for  settling  and  re- 
moval of  solid  materials  and  a larger  section  for  aeration 
and  detention  of  the  remaining  overflows.  The  settling 
chamber  would  receive  flow  directly  from  the  conveyance  tun- 
nel, and  would  provide  sufficient  detention  time  to  allow 
for  deposition  of  grit  and  larger  settlable  materials.  The 
process  used  would  be  similar  to  the  primary  treatment  of 
raw  sewage  now  used  at  the  Missouri  River  treatment  plant. 
The  floor  of  the  settling  chamber  would  be  concrete  lined 
to  accommodate  mechanical  equipment  for  sludge  handling 
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and  removal.  High  head  pumps  at  one  end  of  the  chamber 
would  be  used  to  elevate  the  sludge  to  the  treatment  facil- 
ity at  the  surface. 

For  large  overflow  events,  the  partially  treated  com- 
bined sewer  overflows  would  spill  from  the  settling  cham- 
ber into  the  main  storage  area.  The  overflows  would  be 
held  in  storage  and  aerated  until  the  settling  chamber  was 
emptied.  The  aerated  main  reservoir  would  then  be  pumped 
to  the  surface  treatment  facility.  The  storage  reservoir 
volume  for  both  sections  would  be  approximately  3200  A-ft 
for  the  5-year  and  about  1900  A-ft  for  the  1-year  recur- 
rence interval.  The  chambers  would  be  ventilated  and  lighted 
to  provide  a safe  atmosphere  for  inspection  and  maintenance. 

Pumping  Station 

The  pumping  station  for  dewatering  the  reservoir  would 
consist  of  approximately  four  pumps,  sized  to  deliver  a 
total  of  60  mgd  at  maximum  head.  The  station  would  include 
necessary  facilities  such  as  trash  rack,  suction  piping, 
punqps,  discharge  piping,  valves  and  other  items,  as  shown 
in  an  illustration  of  a typical  pump  station  on  Plate  36. 

An  elevator  shaft  would  be  installed  to  provide  access  to 
the  pumping  facility. 

Treatment  Facility 

The  wet-weather  stored  overflows  would  be  treated  by  a 
standby  process  similar  to  contact  stabilization,  as  in  pre- 
ceding alternatives.  It  is  recognized,  as  indicated  earlier. 


that  other  treatment  systems  can  also  be  used  such  as  the 
activated  sludge  process,  modified  activated  sludge,  physi- 
cal-chemical processes,  and  additional  advanced  waste  treat- 
ment methods  as  required  to  meet  the  desired  levels  of 
treatment. 

System  Performance  and  Operation 

The  full  storage  and  pumping  capacity  of  the  system 
would  only  be  required  at  rare  intervals.  Very  large  events 
could  overload  the  storage  facility.  Therefore,  when  the 
storage  chambers  are  almost  full,  gates  at  the  diversion 
structures  would  be  required  to  prevent  further  inflow  to 
the  system.  Under  these  circumstances  the  overflows  would 
bypass  to  the  Missouri  River. 

The  diversion  structures  would  operate  when  the  flow 
in  the  sewers  is  greater  than  three  to  five  times  the  dry- 
weather  flow,  depending  on  the  sewer  involved.  This  would 
occur  during  approximately  75%  of  the  storms  in  the  summer 
months.  The  overflow  weir  in  the  diversion  structure  would 
be  designed  so  it  could  be  raised  or  lowered  to  increase  or 
decrease  the  flow  to  the  treatment  plant.  Surcharging  and 
local  flooding  could  be  prevented  by  allowing  diversion  to 
the  drop  shaft  structures  at  less  than  overflow  conditions. 

Bar  screens  for  removal  of  trash  would  be  manually 
cleaned  since  high  maintenance  and  service  are  required  with 
mechanically  cleaned  screens.  Maintenance  would  have  to  be 
performed  at  the  structures  to  remove  heavy  rocks,  gravel, 
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but  again  the  savings  in  tunnel  costs  would  not  offset  the 
costs  for  attenuation.  The  use  of  upstream  retention  basins 
could  be  used  to  reduce  flooding  in  some  areas  and  could 
prove  to  be  attractive  with  further  optimization  of  this 
alternative  plan.  Study  of  upstream  retention  basins  in 
individual  service  areas  show  that  use  in  the  Minne-Lusa 
area,  a significant  contributor  to  the  peak  flow,  should  be 
considered  further.  The  basins  would  decrease  and  attenuate 
the  peak  flow  and  thereby  reduce  the  tunnel  diameter  to  the 
mined  storage  facilities.  Upstream  retention  should  be 
considered  if  storage  basins  can  be  constructed  for  less 
than  $30,000  per  A-ft. 

System  Cost  and  Economic  Cons ide rations 

The  proposed  layout  of  the  conveyance  tunnels,  drop 
shafts,  diversion  structures,  storage  chambers,  and  treat- 
ment facilities  is  shown  on  Plate  ^0.  The  estimated  costs 
for  the  major  project  components  and  facilities,  are  shown 
on  Plate  27.  The  construction  cost  is  estimated  at  $178.8 
million  for  the  5-year  recurrence  interval.  The  total  an- 
nual cost  for  operation  and  maintenance  is  $6.1  million. 

If  the  system  is  designed  to  store  and  treat  sufficient 
volume  for  the  1-year  recurrence  interval,  then  the  cost 
would  decrease  to  approximately  $126.6  million  or  about 
$52  million  less  than  the  5-year  recurrence  interval.  The 
differential  cost  would  prevent  four  additional  overflow 
events  in  a five  year  period.  This  incremental  protection 
represents  approximately  65  tons  of  BOD  discharged 
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and  accumulated  grit  upstream  of  the  diversion  weirs.  Drop 
shafts  and  air  vents  must  be  periodically  cleaned  to  remove 
debris  and  scum  buildup.  Some  tunnel  maintenance  would  be 
required  to  prevent  premature  erosion  or  slime  build-up. 

Accumulated  grit  and  solids  in  the  settling  chamber 
would  be  removed  by  mechanical  means  to  sludge  sumps  and 
pumped  to  the  surface  for  disposal  at  the  Missouri  River 
treatment  plant.  The  overflows  from  the  settling  chamber 
would  be  aerated  in  the  main  storage  chamber.  Proper  place- 
ment of  aeration  devices  would  provide  for  suspension  of 
the  lighter  solid  material.  There  would  be  very  little 
accumulation  of  solids  in  the  main  reservoir.  Manual 
flushing  of  the  chambers  might  be  needed  occasionally.  Al- 
though solids  deposition  in  the  main  chamber  would  be  mini- 
mal, some  generation  of  noxious  gases  could  develop.  There- 
fore, a ventilation  system  would  be  provided  for  the  storage 
chambers.  Inspection  and  solids  removal  by  manual  means 
could  be  undertaken  if  necessary  during  the  winter  season 
when  the  facilities  would  be  dry  and  clean. 

Special  Considerations 

The  use  of  in-system  attenuation,  sewer  separation 
and  upstream  retention  was  also  considered  with  this  alter- 
native plan.  Individual  service  areas  were  analyzed  to 
determine  the  individual  merits  of  these  elements.  The 
derived  benefits  from  sewer  separation  would  be  inadequate 
to  offset  the  high  cost  involved  in  such  a program.  In- 
system  attenuation  would  reduce  the  required  tunnel  diameter. 
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to  the  river  per  year.  The  corresponding  reduction  of  pol- 
lutants for  various  recurrence  intervals  is  summarized  in 
Table  VII- 1.  The  table  shows  that  the  difference  in  impact 
on  the  Missouri  River  between  the  1-year  recurrence  inter- 
val and  the  5-year  recurrence  interval  would  not  be  sub- 
stantial. 

Costs  described  above  include  necessary  treatment  to 
meet  level  1 or  secondary  treatment.  It  would  require  an 
additional  $30  million  dollars  to  achieve  Level  2 treatment 
utilizing  tertiary  filtration  and  nutrient  removal  facili- 
ties. Additional  advanced  waste  treatment  to  meet  back- 
ground water  quality  objectives  would  require  processes  at 
an  estimated  cost  of  $30  million. 

As sociated  Effects 

The  evaluation  of  alternative  plans  require  considera- 
tion of  several  associated  effects  to  make  plan  comparison. 
These  associated  effects  and  considerations  are  discussed 
in  the  following  section. 

Energy.  The  major  component  utilizing  electrical  power 
as  a source  of  energy  for  this  alternative  plan  is  the  aer- 
ation and  pumping  equipment  in  the  storage  chambers.  The 
total  power  cost  for  these  units  is  estimated  at  $2.8  million 
per  year. 

Man-Power.  The  estimated  number  of  operating  personnel 
would  be  19  full  time  maintenance  and  labor  employees. 

During  the  dry  winter  season  a slight  increase  in  maintenance 
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and  clean-up  personnel  would  be  utilized  to  service  the 
tunnel  and  mined  storage  facility.  The  system  should  not 
be  susceptible  to  labor  strikes  and  shut-downs  since  a 
minimum  number  of  operating  personnel  would  be  required  to 
maintain  the  system  even  during  wet  weather  periods. 

Resources.  This  plan  offers  considerable  potential 
for  conservation  of  existing  resources.  Expensive  land, 
highways  and  plans  for  the  Riverfront  Development  Program 
would  not  be  upset  by  this  alternative  since  all  of  the 
major  components  for  storage  and  conveyance  would  be  located 
underground.  There  is  also  the  possibility  of  integrating 
the  construction  of  the  mined  storage  reservoir  with  the 
production  of  rock  and  aggregate  to  meet  current  materials 
requirements  in  the  Omaha  area. 

Multi-Use  Potential.  This  alternative  plan  can  be  part 
of  a phased  construction  program  for  the  eventual  implemen- 
tation of  a regional  plan  such  as  Alternative  B as  discussed 
next  in  this  chapter.  This  alternative  could  also  capture 
dry  weather  by-passes  caused  by  mechanical  failure  in  the 
existing  interceptor  system. 

Reliability.  The  operation  of  the  system  is  relatively 
simple,  the  services  required  are  not  excessive,  and  dupli- 
cation of  existing  facilities  is  not  needed.  The  minimum 
number  of  components  required  would  help  minimize  service 
breakdowns.  However,  a backup  diversion  system  would  have 
to  be  provided  at  the  drop  shafts  for  by-pass  of  overflows 
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to  the  river  if  the  diversion  gates  failed  to  close  when 
the  storage  chamber  is  full. 

Flexibility.  This  alternative  plan  could  be  staged 
to  provide  protection  from  events  of  larger  recurrence 
intervals.  The  storage  reservoir  could  be  enlarged  by 
mining  more  chambers  and  providing  additional  aeration 
facilities.  The  tunnels  could  be  enlarged  or  upstream 
retention  provided  to  reduce  the  peak  flow  rates. 

Institutional  and  Legal  Constraints . The  entire  sys- 
tem would  be  located  within  the  geographical  boundaries  of 
the  City  of  Omaha.  The  facilities  would  be  operated  and 
controlled  by  the  city  personnel.  Political  or  geograph- 
ical problems  should  not  be  encountered  since  the  convey- 
ance and  storage  facilities  would  be  underground  while  the 
treatment  facilities  are  located  at  the  existing  Missouri 
River  Plant  site. 

Time  of  Construction . The  system  would  be  constructed 
in  phases  with  the  drop  shaft  and  diversion  structures  built 
initially.  This  would  be  followed  by  the  deep  tunnel  and 
mined  storage  facilities  to  be  constructed  simultaneously. 
With  the  use  of  tunneling  mole  machines  the  tunnel  could 
be  bored  at  a rate  of  50  feet  per  day  and  completed  in  ap- 
proximately two  years.  It  is  estimated  that  the  mined 
storage  facility  would  also  be  constructed  during  the  same 
period.  Treatment  facilities,  constructed  simultaneously, 
would  require  12  to  18  months.  Drop  shafts  and  diversion 
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structures  would  also  be  constructed  in  12  to  18  months. 
Total  construction  time  for  the  complete  system  is  esti- 
mated at  2 to  5 years. 

Implementation . A projected  implementation  schedule 
for  Alternative  5A  is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  would  become  operational  by 
October,  1981,  provided  the  selection  of  this  plan  is  made 
no  later  than  October  1,  1975. 

Environmental  Assessment  Considerations 

Implementation  of  Alternative  5A  will  have  some  econo- 
mic effects  on  the  Omaha  area.  With  respect  to  output  and 
production,  the  construction  of  the  deep  tunnel  system  and 
mined  storage  facility  will  require  concrete  and  steel,  but 
it  will  also  produce  rock  and  earth  spoil.  The  rock  may  be 
marketed  as  a concrete  aggregate  or  as  crushed  stone  and 
the  earth  used  for  landfill.  Public  contract  construction 
will  increase  during  the  construction  period.  Some  increase 
in  local  employment  would  be  expected  during  construction, 
but  it  is  expected  that  the  construction  of  the  tunnel  sys- 
tem and  mined  storage  reservoir  would  be  undertaken  by  con- 
tractors outside  the  local  area.  The  costs  of  implementa- 
tion would  be  shared  by  the  community  and  the  federal  gov- 
ernment, with  the  local  community  paying  more  than  $6  mil- 
lion annually  for  operation,  maintenance  and  replacement. 

With  respect  to  the  environment,  this  alternative  plan 
has  considerable  advantages  over  the  previous  alternatives 
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since  all  the  facilities  would  be  underground.  Therefore, 
there  would  be  virtually  no  affect  or  impact  on  the  sur- 
rounding area. 

Alternative  B - Deep  Tunnel  to  Papillion  Creek 
Sewage  Treatment  Plant 

This  plan  is  different  in  basic  concept  from  other 
alternative  plans  in  that  combined  sewer  overflows  would 
be  conveyed  to  a new  regional  treatment  plant.  In  almost 
all  respects,  this  alternative  plan,  as  shown  on  Plate  41, 
is  the  same  as  Alternative  5A  except  that  the  stored  over- 
flow would  be  conveyed  from  the  mined  storage  facility 
through  another  deep  tunnel  to  a point  below  the  Papillion 
Creek  sewage  treatment  plant.  From  this  point  the  overflow 
would  be  pumped  to  the  ground  surface  for  treatment  by  con- 
ventional methods  or  land  disposal.  Drop  shafts  located 
at  each  overflow  point,  a deep  tunnel,  and  a mined  storage 
reservoir  are  identical  to  the  previous. 

This  alternative  plan,  as  presented,  is  incomplete 
because  the  treatment  required  would  depend  on  the  process 
selected  for  the  Papillion  Creek  facility.  Several  con- 
siderations make  this  alternative  attractive  from  the 
regional  wastewater  management  point  of  view.  Dry-weather 
primary  effluent  from  the  Missouri  River  plant  could  also 
be  diverted  through  a drop  shaft  to  the  deep  tunnel  and  con- 
veyed to  the  Papillion  Creek  plant.  This  would  eliminate 
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the  need  for  the  proposed  Missouri  River  treatment  plant 
addition.  Also,  by  centralizing  the  wastewater,  the  pos- 
sibility of  disposal  by  land  application  is  greatly  en- 
hanced. 

The  following  discussion  of  this  alternative  plan 
includes  only  those  facets  of  the  alternative  that  differ 
from  Alternative  5A.  Costs,  are  presented  for  the  alter- 
native, exclusive  of  the  treatment  facilities. 

Conveyance  to  Papillion  Creek  Plant 

Overflow,  stored  in  a mined  storage  reservoir  beneath 
the  Missouri  River  treatment  plant,  would  be  conveyed 
through  a 6 ft  diameter,  unlined  tunnel  to  a point  700  ft 
below  the  Papillion  Creek  treatment  plant.  From  this  point 
the  flow  would  be  lifted  to  the  ground  surface.  The  pumping 
facility  required  for  this  conveyance  is  a lift  station  at 
the  end  of  the  6 ft  diameter  tunnel.  Conveyance  of  the 
stored  overflow,  approximately  42,000  ft  to  the  Papillion 
Creek  treatment  plant,  would  be  by  gravity. 

Several  alternative  methods  of  conveying  the  overflow 
to  the  Papillion  Creek  site  were  considered.  These  methods 
included  conveyance  of  the  peak  overflows  directly  to  the 
Papillion  Creek  site  in  a deep  tunnel  and  conveyance  of  the 
overflow  in  a force  main  near  the  ground  surface.  Attenu- 
ation of  the  flow  rate  in  a mined  storage  reservoir  at  the 
end  of  the  tunnel  compared  to  installation  of  greater 
pumping  capacity  to  handle  the  peak  flow  rates  was  also 


the  storage  reservoir  through  the  6 ft  diameter  tunnel 
rather  than  pumped  to  the  existing  Missouri  River  treatment 
plant  site.  The  addition  of  primary  effluent  to  the  tunnel 
would  not  alter  the  rate  at  which  the  reservoir  is  emptied. 

Sludge  and  grit  handling  and  disposal  would  be  carried 
out  in  the  same  manner  as  described  in  Alternative  5A. 

Special  Cons iderations 

The  same  discussion  as  given  in  Alternative  5A  would 
also  apply  to  this  alternative  plan. 

System  Cost  and  Economic  Considerations 

The  total  construction  cost  for  this  alternative  plan 
(5-yr  recurrence  interval)  is  estimated  to  be  $189.5  million 
and  the  annual  operation  and  maintenance  cost  is  estimated 
to  be  $5.8  million.  These  costs,  as  shown  in  Plate  27,  in- 
clude the  cost  for  conveyance  of  the  primary  effluent  along 
with  stored  overflows  to  the  Papillion  Creek  site.  With- 
out the  primary  effluent,  the  construction  cost  would  de- 
crease by  an  estimated  $2.2  million,  and  the  annual  opera- 
tion and  maintenance  cost,  by  another  $0.8  million.  For 
the  1-year  recurrence  interval  the  construction  would  de- 
crease to  approximately  $139  million. 

The  cost  of  this  alternative  plan  is  greatly  dependent 
upon  the  type  of  rock  formations  and  depths  that  would  be 
encountered  during  construction.  The  unit  costs  for  tunnel 
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construction  and  mined  storage  that  were  used  to  estimate 
the  cost  of  this  alternative  are  representative  for  condi- 
tions encountered  in  the  Chicago  area. 

Associated  Effects 

The  evaluation  of  alternative  plans  requires  consider- 
ation of  several,  associated  affects  as  additional  means 
of  plan  comparison.  The  associated  affects  are  discussed 
below  for  this  alternative. 

Energy.  The  major  facilities  using  electrical  power 
for  this  alternative  plan  are  the  aeration  facilities,  the 
sludge  pumps,  and  the  pumping  station  under  the  Papillion 
Creek  site.  The  annual  electrical  power  cost  is  estimated 
to  be  $3.6  million.  Stand-by  power  for  primary  effluent 
pumping  only,  utilizing  either  gas  or  oil,  would  be  esti- 
mated at  $0.6  million. 

Man-power.  This  alternative  would  require  a minimal 
operating  staff  and  several  full-time  maintenance  personnel. 
The  estimated  total  number  of  personnel  would  be  12  employ- 
ees, which  doe  not  include  the  treatment  plant  requirements. 
During  the  winter  season,  a slight  increase  in  maintenance 
personnel  may  be  required  for  inspection  and  maintenance  of 
the  conveyance  tunnels  and  the  mined  storage  reservoir. 
Special  attention  may  be  directed  toward  the  maintenance  of 
the  pumping  station,  which  is  the  most  critical  component 


of  this  alternative.  The  operation  of  this  plan  could, 
however,  continue  if  a labor  strike  or  shutdown  were  to 
occur. 

Resources.  All  of  the  major  components  of  this  alter- 
native would  be  located  underground.  None  of  the  resources 
in  the  study  area  would  be  taxed  by  implementation  of  this 
alternative  plan.  The  mined  rock  from  construction  of  the 
tunnels  and  storage  reservoir  could  be  sold  on  the  local 
market  as  an  aggregate  or  disposed  of  by  landfill.  The 
treatment  and  disposal  of  the  overflow  could  involve  dis- 
posal on  land  which  would  provide  irrigation  water  to 
farmland  south  and  west  of  Omaha. 

Multi-use  potential . In  addition  to  capturing  com- 
bined sewer  overflows,  this  alternative  could  also  capture 
dry-weather  by-passes  caused  by  mechanical  failure  in  the 
existing  interceptor  system.  As  previously  mentioned,  this 
alternative  could  also  be  easily  modified  to  convey  primary 
effluent  from  the  Missouri  River  plant  to  the  Papillion 
Creek  site.  This  would  further  contribute  to  the  potential 
use  of  spray  irrigation  for  final  effluent  disposal. 

Reliability.  The  major  plan  component  that  affects 
system  reliability  is  the  pumping  station.  Reliability  of 
this  pumping  facility  can  be  increased  by  the  provision  of 
duplicate  facilities  and  special  attention  to  its  mainte- 
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nance.  A backup  diversion  system  at  the  drop  shafts  would 
also  be  required  as  in  the  previous  Alternative  5A. 

Flexibility.  This  alternative  plan  can  be  staged  to 
provide  protection  from  events  of  larger  recurrence  inter- 
vals. The  storage  reservoir  can  be  enlarged  by  mining  more 
chambers  and  providing  additional  aeration  facilities.  The 
tunnels  could  be  duplicated  or  upstream  retention  could  be 
provided  to  reduce  the  peak  flow  rates.  The  6 ft  diameter 
tunnel  would  not  have  to  be  duplicated  unless  it  is  required 
to  handle  extremely  rare  events. 

Institutional  and  legal  constraints . No  serious  legal 
and  institutional  constraints  are  expected  to  arise  with 
the  construction  of  the  underground  facilities.  However, 
regionalization  of  waste  treatment  and  dispoal  on  land  may 
pose  potential  institutional  and  legal  problems.  These 
problems  will  be  addressed  in  the  regional  waste-water 
management  study. 

Time  of  construction.  The  entire  system,  as  described 
in  this  study,  could  be  constructed  in  the  same  length  of 
time  as  Alternative  5A,  from  2 to  5 years.  The  drop  shafts, 
tunnels,  storage  reservoir,  and  lift  stations  can  be  con- 
structed almost  independent  of  each  other  or  in  series, 
depending  upon  the  desired  time  of  construction. 
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Implementation.  A projected  implementation  schedule 
for  Alternative  B is  shown  on  Plate  30.  It  is  estimated 
that  this  alternative  plan  would  become  operational  by 
June  1,  1982,  provided  the  selection  of  this  plan  is  made 
no  later  than  October  1,  1975. 

Environmental  Assessment  Cons iderations 

The  environmental  impact  of  this  alternative  plan  on 
the  surrounding  area  would  be  similar  to  the  impact  described 
for  the  previous  plan.  Alternative  5A. 

Concluding  Remarks 

The  objective  of  this  study  was  to  identify  and  for- 
mulate solutions  consistent  with  PL  92-500  to  the  problems 
of  pollution  caused  by  combined  sewer  overflows  in  the 
Omaha-Missouri  River  sewerage  system.  The  latter  phase  of 
this  study  consisted  of  refining  selected  alternative  concepts 
to  the  level  of  alternative  plans.  All  of  the  selected 
alternative  plans  would  be  fully  capable  of  meeting  the 
objectives  of  PL  92-500. 

Comparison  of  Alternatives.  Of  the  five  selected  al- 
ternative plans,  diked  storage  along  the  levee.  Alternative 
2,  would  have  the  lowest  construction  cost,  $71.1  million 
and  lowest  annual  operation  and  maintenance  cost,  $4.7  mil- 
lion. The  two  plans  utilizing  a deep  tunnel  with  ground 
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level  storage  in  Iowa,  Alternative  4A  and  4B  would  be  more 
expensive  with  construction  costs  of  $145  and  $111  million. 
Annual  operation  and  maintenance  costs  would  be  $5.1  mil- 
lion for  both  alternatives.  As  an  alternative  to  surface 
storage  of  any  type.  Deep  Tunnel  with  Mined  Storage,  Alter- 
native 5A,  would  be  the  most  expensive  with  a construction 
cost  of  $179  million  and  annual  operation  and  maintenance 
cost  of  $6.1  million.  Alternative  B,  part  of  a regional 
concept,  would  have  a construction  cost  of  $190  million  and 
an  annual  operation  and  maintenance  cost  of  $5.6  million 
for  the  underground  conveyance  and  storage  facilities  only. 

Although  Alternative  2 is  the  least  cost  plan,  it  prob- 
ably has  the  most  adverse  aesthetic  impact  on  the  Omaha 
area.  The  alternative  plans  with  deep  tunnel  and  surface 
storage  in  Iowa,  Alternatives  4A  and  4B , would  have  con- 
siderably less  visual  impact  on  the  area.  In  addition, 
these  plans  would  have  less  conflict  with  the  development 
and  land  use  program  along  the  riverfront.  Alternative  5A 
with  all  storage  deep  underground  would  have  virtually  no 
adverse  or  environmental  impacts. 

All  the  alternative  plans  would  provide  the  same  levels 
of  performance.  For  the  same  cost  Alternative  2 could  pro- 
vide a considerably  higher  degree  of  treatment  than  the 
other  plans.  Alternative  2 also  can  be  implemented  sooner 
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and  would  require  less  time  for  construction  than  the  other 
plans.  This  alternative  could  be  constructed  in  stages  more 
readily  than  the  other  alternatives.  Based  on  the  above 
considerations  Alternative  2 would  be  the  most  suitable. 
However,  if  the  adverse  visual  impact  and  preemptive  use 
of  land  along  the  riverfront  cannot  be  offset  by  the  lower 
cost  of  Alternative  2 then  a selection  from  one  of  the  re- 
maining plans  would  have  to  be  made. 

Some  of  the  adverse  visual  impact  could  be  reduced  by 
covering  the  surface  storage  reservoirs.  Air  pressurized 
inflatable  covers  would  not  be  practicle  due  to  the  large 
areas  required  for  the  reservoir.  Rigid  covers,  such  as 
fiberglass  structural  domes,  have  been  used  on  trickling 
filters-  and  could  be  adapted  to  the  reservoirs.  The  in- 
stalled cost  is  estimated  at  $0.5  million  per  surface 
acre.  The  total  estimated  cost  for  any  surface  storage 
alternative  requiring  300  acres  based  on  the  5-year 
recurrence  interval  would  be  approximately  $150  million. 

Those  alternatives  utilizing  a deep  tunnel  would 
have  an  intangible  benefit  of  potential  marketability  of 
the  rock  spoil.  The  dolemite  limestone  in  the  Mississ- 
ippian  geologic  formation  could  be  sold  for  concrete 
aggregate  if  the  drill  and  blast  method  is  used  for  con- 
stucting  the  tunnel.  If  a mole  machine  is  used  then  the 
spoil  would  be  of  a chip  like  material  and  unsuitable  as  a 
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concrete  aggregate.  However,  the  material  could  still  be 
sold  as  a clean  select  fill.  The  aggregate  could  be  mark- 
eted for  approximately  $1 . 50  per  cubic  yard  while  the  select 
fill  would  sell  for  approximatley  $0. 75  per  cubic  yard.  The 
potential  income  for  any  of  the  alternatives  using  a deep 
tunnel  would  be  appropiately  one  to  two  million  dollars. 

Several  major  conclusions  derived  in  this  study  are 
discussed  below. 

1.  The  least  cost  treatment  method  is  a modified 
type  of  contact-stabilization  system  intermittently  opera- 
ting as  wet  weather  standby  plant  in  conjunction  with  a con- 
tinuously operating  dry  weather  activated  sludge  plant. 

2.  Any  plan  with  a 5-year  design  recurrence  interval 
would  completely  control  99.6  percent  of  the  overflow  events 
and  capture  98.9  percent  of  the  flow.  The  BOD  and  suspended 
solids  reduction  would  be  approximately  68  and  75  percent 
based  on  providing  secondary  treatment. 

3.  The  overflow  discharge  from  a storage  reservoir 
during  an  event  exceeding  the  selected  recurrence  interval 

would  average  from  25  to  100  mg/1  with  an  approximate  average 
of  50  mg/1. 

4.  The  incremental  cost  for  providing  the  protec- 
tion against  storms  greater  than  the  5-year  event  would 
be  substantial.  The  2-year  or  less  recurrence  interval 
would  be  the  most  cost  effective  selection. 
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5.  Further  study  integrating  water  quality  modeling 
of  the  Missouri  River  with  optimization  of  the  alternative 


% 


plan  components  may  demonstrate  the  selection  below 
1-year  event  may  be  adequate  for  the  Omaha  Missouri 
sewerage  system. 


the 

River 


6.  The  three  elements  considered  for  in-system  at- 
tenuation, sewer  separation,  and  upstream  retention  were 
either  too  costly  for  the  benefits  derived  or  provided  only 
partial  and  insufficient  solutions  to  the  problem  abatement 
from  combined  sewer  overflows. 


Direction  for  Further  Study.  The  investigations  des- 
cribed in  this  report,  and  the  alternative  plans  that  were 
formulated  are  essentially  restricted  to  the  combined  sewer 
overflow  problem.  The  alternative  levels  of  effluent  qual- 
ity and  design-storm  recurrence  intervals  have  not,  as  yet, 
been  related  to  water  quality  impacts  on  the  Missouri  River. 
In  addition,  alternative  plans  were  formulated  and  evalu- 
ated in  this  study  without  conducting  field  surveys,  sub- 
surface investigations,  sampling  programs,  and  detailed 
design  of  components.  These  investigations  will  be  required 
as  part  of  a feasibility  study  prior  to  a commitment  for  a 
construction  investment. 


Next  steps  should  be  in  the  direction  of  incorporation 
of  the  results  of  this  investigation,  and  parallel  investi- 
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gations  concerned  with  other  waste  sources  into  the  com- 
prehensive planning  program.  A simulation  model  of  the 
waste  assimilative  processes  of  the  Missouri  River  and  local 
tributaries  should  be  a key  element  of  the  comprehensive 
planning  program.  With  such  a model,  it  will  be  possible 
to  account  for  the  interaction  between  various  waste  sources 
and  to  determine  the  required  quality  of  effluent  from  each 
source  in  order  to  meet  water  quality  standards  in  the  River. 
The  model  also  should  provide  a basis  for  optimizing  invest- 
ments in  pollution  control  facilities  toward  the  objective 
of  maximum  cost  effectiveness. 

The  simulation  model  possibly  may  indicate  that  lower 
levels  of  treatment  of  combined  sewer  overflows  and  a reduc- 
tion in  design  recurrence  interval  are  acceptable  without 
violation  of  water  quality  standards.  If  this  is  the  case, 
consideration  should  be  given  to  alternative  concepts,  such 
as  in-system  attenuation,  that  were  rejected  because  they 
were  inherently  unable  to  meet  the  minimum  performance  and 
treatment  criteria  set  for  this  study.  Another  promising 
area  for  further  study  is  the  computer  simulation  of  the 
behavior  of  the  aerated  reservoirs  included  in  the  alter- 
native plans  for  storage  of  combined  sewer  overflows.  It 
is  possible  that  the  storage  detention  and  aeration  may  pro- 
duce an  effluent  that  is  acceptable  for  discharge  to  the 
river  without  additional  treatment. 
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IDENTIFICATION  OF  LOCAL  FLOODING  PROBLEMS 
Alternative  Plans  for  Abatement  of 
Pollution  from  Combined  Sewer  Overflows 

Omaha,  Nebraska 
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PRESENT  WORTH  COSTS  FOR 


J 


ALTERNATIVE  PLANS 
(Costs  in  Million  of  Dollars) 


Treatment 


Recurrence  Interval  - Years 


Alternative 

Level 

1 

2 

5 

10 

2 Diked  Storage 

1 

98.9 

115.7 

143.9 

157.3 

Along  Levee 

2 

133.9 

155.7 

193.9 

217.3 

3 

163.9 

200.7 

253.9 

282.3 

4a  Deep  Tunnel  to 

1 

149.7 

171.8 

221.9 

237.3 

Ground  Level  Storage 

2 

184.7 

211.8 

271.9 

297.3 

3 

224.7 

256.8 

331.9 

362.3 

4b  Excavated  Storage  No. 

1 

133.5 

152.4 

186.6 

202.2 

Deep  Tunnel  So. 

2 

168.5 

192.4 

236.5 

262.2 

3 

198.5 

237.4 

296.5 

327.2 

5a  Deep  Tunnel  w/ 

1 

189.6 

222.1 

270.1 

299.0 

Mined  Storage 

2 

224.6 

262.1 

320.1 

359.0 

3 

254.6 

307.1 

380.1 

424.3 

B Deep  Tunnel  to 

Papillion  Creeki/ 

2/ 

196.6 

227.4 

276.1 

302.5 

1/  Includes  conveyance  of  primary  effluent  from  Missouri  River  Treatment  Plant. 
2/  Treatment  not  included. 
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SUMMARY  OF  ENVIRONMENTAL  ASSESSMENT  FACTORS 
FOR  THE  ALTERNATIVE  PLANS  STUDIES 


Alternative  Plan  Impacti^ 


Areas  of  Impact 

2 

4a 

4b 

5a 

B 

Economic 

Requires  concrete  and  steel  resources 

X 

XX 

XX 

XXX 

XXX 

Increases  public  contract  construction 

X 

X 

X 

X 

X 

Increases  cost  to  public  sector 

X 

X 

X 

X 

X 

Affects  employment  in  aggregate 

industry 

X 

X 

XX 

XX 

Increases  local  employment  during 

construction 

XX 

X 

X 

X 

X 

Takes  agricultural  land  out  of 

production 

Reduces  amount  of  open  space 

X 

X 

X 

Environmental 

Improves  water  quality  with  respect  to: 

Turbidity  or  sediment  load 

X 

X 

X 

X 

X 

Visual  quality 

X 

X 

X 

X 

X 

Fecal  coliforms 

X 

X 

X 

X 

X 

BOD 

X 

X 

X 

X 

• x 

Nutrients 

X 

X 

X 

X 

X 

Toxic  substances 

X 

X 

X 

X 

X 

Dissolved  solids 

X 

X 

X 

X 

X 

Metals 

X 

X 

X 

X 

X 

Chemicals 

X 

X 

X 

X 

X 

Controls  intermittent  point  source 

X 

X 

X 

X 

X 

Should  help  to  improve  nutrient 

imbalance 

X 

X 

X 

X 

X 

Adversely  affects  air  quality: 

Dust  and  particulate  matter 

during  construction 

X 

X 

X 

X 

Odor  during  mechanical  failure 

of  aerators 

X 

X 

X 

Changes  land  quality  by: 

Sludge  disposal 

X 

X 

X 

X 

X 

Disposal  of  excavated  aggregate 
Storage  of  construction  aggregate 

XX 

X 

X 

X 

X 

Storage  and  servicing  of 

construction  equipment 

XX 

X 

X 

X 

X 

1/  X denotes  relative  impact  with  respect  to  other  alternatives  for 
same  area  of  impact. 
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Grace  St  \ 
99  acres  » 
3900' x 1000^ 


Leavenworth 
41  acres 
6000' x 300' 


South  Omaha 
43  acres 
•$300'  x 300' 


Monroe  St 
18  acres 
DO'  x 300' 


195  acres 
2900'  x 5 


Force  Main  to  Existing 
North  Omaha  interceptor 


irza  Engineering  Company  • October  1974 P 


NORTH 


■Conduit  from  the 
Diversion  Structure 


VENT  CHAMBER 


ENTRANCE  CHAMBER 


DIVIDING  WALL 


Inlet  Curve 


Slot  in  the  Dividing  Wall 


Top  of  Rock 


Slot  in  the 
Dividing  Wall 


SEPARATION 

CHAMBER 


Conduit  to  the  Tunnel • 


TYPICAL  DROP  SHAFT  STRUCTURE 

Alternative  Plans  for  Abatement  of 
Pollution  from  Combined  Sewer  Overflows 

Omaha,  Nebraska 


Harza  Engineering  Company  • October  1974 
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Alternative  Plans  for  Abatement  of 

Harza  Engineering  Company  • October  1974  Pollution  from  Combined  Sewer  Overflows 


TYPICAL  LIFT  STATION 

Alternate  Pistiti  for  Af*rte#ent  of 
Pollution  from  Combined  Sewer  Overflows 

Omaha,  Nebraska 


Harza  Engineering  Caapany  • October  1974 


BUUXJA 


N/v  " r-v  ^ v • * - ' 


130  acres 
2500'  x 2250 


26  acres 
800'  x 1500's 


EXISTING 

Combined  Sewer 
Service  Area 

Combined  Sewer 
Outfall 

Treatment  Plant 


Note : 5 Year  D< 

Deep  Tunnel 
Diameter 

Force  Main 


Condui t 
Conveyance 

Surface 
Intersect  on  of 
Ilydraul  ic  Grade 

Separat ion 
of  Sewers 


PROPOSED 


currence  Interval 
Treatment  Plant 

Pumping  Facility 

Lift  Station 

Vertical 
Drop  Shaft 


Excavated 

Storage 


Scale  in  Mile 


ALTERNATIVE  NO.  4] 
EXCAVATED  STORAGE  NORTH  {.  DEEP  TUNNEL  SOUTI 
Alternative  Plans  for  Abatement  ol 
Pollution  from  Combined  Sewer  Overflow: 

Omaha,  Nebraska 
, PLATE  3£ 


• \ 


DIIIF.NSIONAL  DATA 


Recurrence 

Interval 

(years) 

Minne  Lusa  Reservoir 
Alternative  4B 

Grace  St  Reservoir 
North  South 

a 1 / 
( f eet ) 

d 

( feet) 

surface 

acres 

axbi/ 
( feet ) 

surface 

acres 

d 

( f ee t ) 

a x b 
( feet ) 

surface 

acres 

i 

1500 

15 

50 

800  x 
1200 

ii 

15 

700  x 
700 

6 

2 

1550 

15 

55 

800  x 
1200 

ii 

15 

800  x 
1000 

9 

5 

1800 

15 

75 

800  X 
1200 

ii 

15 

800  x 
1500 

14 

10 

2000 

15 

90 

800  X 
1200 

ii 

15 

800  x 
2000 

19 

-i/  use  square  reservoir 
2/ 

— use  triangular  reservoir 


TYPICAL  EXCAVATED  STORAGE  RESERVOIRS 
Alternative  Plans  for  Abatement  of 
Pollution  from  Combined  Sewer  Overflows 

Omaha,  Nebraska 
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Appendix  A 


PLANNING  AND  ENGINEERING  CRITERIA 


Planning  and  engineering  criteria  are  needed  to  provide  a 
consistent  basis  for  evaluating  and  comparing  alternative  plans 
for  abatement  of  pollution  from  combined  sewers  and  storm  run- 
off. The  criteria  which  have  been  selected  for  this  phase  of 
the  wastewater  management  study  for  the  Omaha-Missouri  drainage 
area  are  described  in  this  Appendix. 

The  criteria  used  in  formulating  and  comparing  alternative 
plan  concepts  are  as  follows: 

1.  Population  and  land  use 

2.  Hydrologic  data 

3.  Water  quality  of  combined  sewage  overflows 

4.  Economic  evaluation  criteria  and  procedures 

Population  and  Land  Use 

Population  projection  by  census  tract  were  provided  bv  the 
Metropolitan  Utilities  District  and  the  Corps  of  Engineers.  These 
projections  were  used  as  the  basis  for  estimating  the  populations 
of  each  sewer  service  area  for  1970,  1995,  and  year  2020.  The 
population  projections  based  on  the  MUD  data  are  presented  in 
Table  A-l  for  each  sewer  service  area,  as  outlined  in  Plate  6. 

The  alternative  projections  based  on  the  Corpos  of  Engineers 
data  for  Growth  Concept  A are  shown  in  parenthesis , also  in 
Table  A-l. 


A-l 


Table  A-l 


SERVICE  AREA  POPULATION  IN 
OMAHA-MISSOURI  DRAINAGE  AREA 


1970 

1995 

2020 

Service 

Area 

Population 

Population 

Population 

Bridge  Street 

5320 

7800 

( 6400) 

9990 

( 9200) 

Mormon  Street 

2100 

2530 

( 2120) 

2870 

( 2690) 

Minne  Lusa 

47030 

57190 

(57450) 

62255 

(61805) 

Grace  Street 

20635 

22310 

(26250) 

25790 

(27810) 

Burt-Izard 

23610 

22315 

(22420) 

23245 

(22070) 

Leavenworth 

21940 

20385 

(19210) 

20620 

(19150) 

Gr.  Missouri  Ave 

. 11325 

13135 

(11385) 

13680 

(11740) 

South  Omaha 

17600 

15850 

(15615) 

15565 

(14390) 

Monroe  Street 

17945 

19705 

(15295) 

21190 

(15500) 

Sub-Total 

167,505 

181,220 

(176,145) 

195,205 

(184,355 

Carter  Lake  Area 

5925 

7515 

( 3275) 

9720 

( 4000) 

Total 

173,430 

188,735 

(179,420) 

204,925 

(188,355 

Present  and  planned  land  use  was  used  as  a basis  for 
determining  the  impact  of  the  Riverfront  Development  Program 
(RDP)  on  the  Omaha-Missouri  River  Sewerage  System.  The  planned 
land  use  as  proposed  by  the  Riverfront  Development  Program  is 
presented  in  Table  III-l  and  the  locations  of  these  areas  are 
shown  in  Plate  5.  The  existing  land  use  in  these  areas  is 
based  on  the  1973  Omaha  City  Planning  Department  land  use  map 
and  the  1971  revised  U.S.G.S.  map. 

The  change  in  land  use  was  used  to  estimate  the  impact  of 
the  RDP  on  the  wet  weather  and  dry  weather  projected  combined 
sewage  flows.  Wet  weather  combined  sewage  flows  are  affected 
by  the  amount  of  impervious  area  in  a drainage  area.  Changes 
in  land  use  that  will  increase  the  amount  of  impervious  area 
will  also  increase  the  amount  of  runoff.  The  magnitude  of 


V 


1 

m. 
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change  in  wet  weather  projected  combined  sewage  flows  was 
estimated  by  comparing  the  present  ratio  of  impervious  area 
to  the  projected  ratio  of  impervious  area.  Dry  weather  flows 
may  be  affected  as  the  water  consumption  varies  with  land  use. 

Hydrologic  Criteria 

Hydrologic  analyses  of  the  18  sewer  service  areas  in  the 
Omaha-Missouri  River  sewerage  system  were  made.  Design  dis- 
charge-frequency relationships,  the  1,2,5,10,  and  25  year 
design  storm  hydrographs,  and  the  maximum  1,6,  and  24  hour 
runoff  volumes  were  determined  for  17  of  the  service  areas. 

For  the  Carter  Lake  area,  only  the  maximum  1,6,  and  24  hour 
runoff  volumes  were  calculated. 

Development  of  the  design  hydrologic  discharges  was 
based  on  existing  land  use  patterns  determined  from  aerial 
photographs  of  the  study  area  flown  in  July  1972.  Natural 
drainage  area  boundaries  do  not  in  all  cases  coincide  with 
the  sewer  service  boundaries;  but  officials  of  the  Omaha 
Public  Works  Department  stated  that  man-made  boundaries  im- 
posed by  the  collection  facilities  contain  the  flows  by 
ponding  at  the  sewer  inlets.  It  was  assumed  that  the  sewer 
service  area  boundaries  are  valid  up  to  the  25-year  recur- 
rence interval  rainfall  event. 

The  peak  discharge  rate  of  the  design  storms  for  each 

sewer  service  area  was  computed  by  the  Rational  Formula 

Q = C (I  - F ) A,  where: 
av 

Q = peak  runoff  rate  in  cubic  feet  per  second; 

C = a runoff  coefficient  roughly  representing  the  infil- 
tration capacity  of  the  pervious  and  impervious  areas 
of  the  watershed.  C is  expressed  as  the  composite 
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of  the  runoff  co-efficients  C and  C.  from  the 

per  imp 

pervious  and  impervious  areas  of  the  watershed 

(C  = C (P  ) + C.  (P.)  wher  P and  P.  are 
comp  per  p imp  1 pi 

the  percent  of  pervious  and  impervious  areas, 
respectively) ; 

I = rainfall  intensity  in  inches  per  hour  for  the  crit- 
ical time  of  concentration  for  each  sewer  service 
area; 

F = available  depression  storage  in  inches  per  hour;  and 

3V 

A = drainage  area  expressed  in  acres. 

The  design  storm  point  rainfall  amounts  were  obtained 
from  the  rainfall-frequency-duration  isopluvial  maps  contained 
in  the  U.S.  Weather  Bureau  Technical  Paper  No.  40,  "Rainfall 
Frequency  Atlas  of  the  United  States",  Map  1961.  Shown  on 
Table  A-2  is  a tabulation  of  the  point  rainfall  amounts  at 
Omaha,  Nebraska  for  specific  rainfall-duration-frequency  storms. 
These  point  rainfall  amounts  were  adjusted  to  obtain  the  aver- 
age depth  over  the  entire  33  square  mile  watershed  contained 
in  the  17  sewer  service  areas.  The  tabulation  of  reduced 
point  rainfall  amounts  is  shown  on  Table  A-3.  The  runoff 
coefficient  (C)  for  each  area  was  weighted  according  to  the 
watershed  land  use  development,  soil  type  and  land  slopes. 

The  C values  for  the  pervious  areas  were  adjusted  for  speci- 


fic frequency  events  by  Bernards  formula,  C = C (F) 

100 


where : 

C = the  adjusted  C for  a specific  frequency  event  F; 


C1Q0  = equals  the  chosen  runoff  coefficient  for  the  100- 
year  event; 

F = the  frequency  of  the  desired  event  in  years;  and 
x = a coefficient  equal  to  0.18  for  the  vicinity  of 
Omaha,  Nebraska. 
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The  tabulation  of  the  basic  runoff  coefficients  used  is 
shown  on  Table  A-4.  The  discharge  frequency  curves  were  devel- 
oped for  each  sewer  service  areas  by  confuting  the  peak  dis- 
charge of  the  1,  2,  5,  10  and  25  year  storm  events.  The  design 
storm  hydrographs  were  developed  using  the  following  procecure: 

(1)  the  hydrograph  peak  discharges  were  computed  using  the 
rational  formula;  and  (2)  the  hydrographs  were  sized  and  shaped 
using  the  time  of  concentration  of  each  area  and  the  distri- 
bution and  volume  of  runoff  for  each  respective  area  which  were 
determined  from  the  hypothetical  hyetographs . 

Overflow  of  combined  sewage  occurs  whenever  the  rate  of  run- 
off exceeds  the  capacity  of  the  diversion  structure.  The  rain- 
fall intensity  that  causes  the  runoff  to  exceed  this  capacity  is 
estimated  to  be  0.10"  per  hour;  and  based  on  twenty  years  of  pre- 
cipitation records,  occurs  about  50  times  per  year. 

The  total  amount  of  runoff  that  overflows  to  the  Missouri 
River  is  estimated  to  about  5 billion  gallons  per  year.  This 
volume  is  based  on  a runoff  coefficient  of  0.60  for  the  drainage 
area  of  about  22,000  acres  and  a runoff  of  14.3  inches  (about 
one  half  of  the  yearly  precipitation) . About  one  half  of  the 
precipitation  is  either  less  then  0.10  inch  per  hour  or  does 
not  runoff. 
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Table  A-2 


TABULATION  OF  DATA  CORRESPONDING  TO  ENVELOPING  CURVES 


OF  ACCUMULATIVE  RAINFALL- DURATION -FREQUENCY  RELATIONS 


Maximum 
Rainfall 
Duration 
In  Hours 

BASED  ON  POINT  RAINFALL  VALUES 

RAINFALL  IN  INCHES  DEPTH  CORRESPONDING 
AVERAGE  FREQUENCIES  AND  DURATION  IN 

TO  VARIOUS 
HOURS— ^ 

Average  Exceedence  Frequency  Interval 

In  Years 

1 

2 

5 

10 

25 

50 

100 

(a)  Maximum  Accumulation  of  Rainfall 

0.25 

0.76 

0.91 

1.19 

1.40 

1.62 

1.82 

2.04 

0.50 

1.06 

1.27 

1.66 

1.95 

2.25 

2.53 

2.84 

1 

1.35 

1.62 

2.11 

2.47 

2.86 

3.21 

3.60 

2 

1.55 

1.86 

2.45 

2.84 

3.30 

3.70 

4.15 

3 

1.68 

2.04 

2.64 

3.07 

3.54 

3.97 

4.46 

4 

1.77 

2.16 

2.78 

3.24 

3.72 

4.20 

4.76 

5 

1.85 

2.26 

2.94 

3.40 

3.90 

4.40 

4.98 

6 

1.92 

2.35 

3.07 

3.55 

4.06 

4.56 

5.15 

24 

2.52 

3.05 

3.95 

4.60 

5.02 

5.98 

6.67 

Point  rainfall  values 

for  Omaha,  Nebraska. 

Reference : 

U. 

S.  Weather  Bureau  Technical 

Paper  No.  40. 

(b) 

Rainfall  by  1-Hour 

Increments  During  Maximum 

6-Hour 

Accumulation 

0-1 

1.35 

1.62 

2.11  2.47 

2.86 

3.21 

3.60 

1-2 

0.20 

0.24 

0.34  0.37 

0.44 

0.49 

0.55 

2-3 

0.13 

0.18 

0.19  0.23 

0.24 

0.27 

0.31 

3-4 

0.09 

0.12 

0.14  0.17 

0.18 

0.23 

0.  30 

4-5 

0.08 

0.10 

0.16  0.16 

0.18 

0.20 

0.22 

5-6 

0.07 

0.09 

0.13  0.15 

0.16 

0.16 

0.17 

(c) 

Rainfall  by  6-Hour 

Increments  During  Maximum 

24-Hour 

Accumulation 

0-6 

1.92 

2.35 

3.07  3.55 

4.06 

4.56 

5.15 

(d) 

Rainfall  by  24-Hour  Increments  During  Maximum 

96-Hour 

Accumulation 

0-24 

2.52 

3.05 

3.95  4.60 

5.28 

5.98 

6.67 
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Table  A-3 


TABULATION  OF  DATA  CORRESPONDING  TO  ENVELOPING  CURVES 
OF  ACCUMULATIVE  RAINFALL-DURATION-FREQUENCY  RELATIONS 
BASED  ON  AVERAGE  RAINFALL  VALUES 


Maximum 
Rainfall 
Duration 
In  Hours 


RAINFALL  IN  INCHES  DEPTH  CORRESPONDING  TO  VARIOUS 
AVERAGE  FREQUENCIES  AND  DURATIONS  IN  HOURS-7" 
Average  Exceedence  Frequency  Interval,  in  Years 

1 2 5 10  25  50  100 


(a)  Maximum  Accumulation  of  Rainfall  in  Period  Designated 
Column  2 


1.52  1.71 

2.12  2.38 


Average  rainfall  amounts  for  a 33-square  mile  area  at 
Omaha,  Nebraska.  Reference  U.S.  Weather  Bureau  Technical 
Paper  No.  40. 


1.13 

1.36 

1.77 

2.07 

2.40 

2.69 

3.02 

1.37 

1.65 

2.15 

2.32 

2.93 

3.29 

3.69 

1.49 

1.81 

2.34 

2.73 

3.15 

3.55 

3.96 

1.59 

1.94 

2.52 

2.91 

3.35 

3.78 

4.22 

1.68 

2.05 

2.67 

3.09 

3.54 

3.99 

4.48 

1.74 

2.13 

2.79 

3.23 

3.69 

4.14 

4.68 

2.41 

2.92 

3.79 

4.41 

5.06 

5.74 

6.40 

(b)  Rainfall  by  1-Hour  Increments  During  Maximum  6-Hour 
Accumulation 


0-1 

1.13 

1.36 

1.77 

2.07 

2.40 

2.69 

3.02 

1-2 

0.24 

0.29 

0.38 

0.45 

0.53 

0.60 

0.67 

2-3 

0.12 

0.16 

0.19 

0.21 

0.22 

0.26 

0.27 

3-4 

0.10 

0.13 

0.18 

0.20 

0.23 

0.26 

4-5 

0.09 

0.11 

0.15 

0.18 

0.19 

0.21 

0.26 

5-6 

0.06 

0.08 

0.12 

0.14 

0.15 

0.15 

0.20 

(c)  Rainfall  by  6-Hour  Increments  During  Maximum  24-Hour 
Accumulation 

0-6  1.74  2.13  2.79  3.23  3.69  4.14  4.68 


(d)  Rainfall  by  24-Hour  Increments  During  Maximum  96-Hour 
Accumulation 

0-24  2.41  2.92  3.79  4.41  5.06  5.74  6.40 


Table  A-4 


RUNOFF  COEFFICIENTS 


RESIDENTIAL  DEVELOPMENT 


7.  Large  Lot  (30%  Impervious,  70%  Pervious 


(C.  = 1.0  C = 0.10 

imp  per 


vious  , 
- 0.45 


8.  Normal 


9.  Dense 


(40%  Impervious,  60%  Pervious) 
(Cmp  = 1*°  Cper  = °-10  - °'45> 

(55%  Impervious,  45%  Pervious) 

(C  = 1.0  C - 0.10  - 0.45) 
imp  per 


cioo  = °-37 


cioo  = °-46 


0.61 


0.67 


'100 


0.60  - 0.75 


COMMERCIAL  AND  INDUSTRIAL  DEVELOPMENT 

10.  Normal  (80%  Impervious,  20%  Pervious) 

(C.  = 1.0  C = 0.10  - 0.45) 

imp  per  ' 

11.  Concentrated 

(95%  Impervious,  5%  Pervious) 

(C.  = 1.0  C = 0.10  - 0.45 

imp  per 

12.  Impervious  Surface  (100%  Impervious) 


C100  = °*82 


0.89 


Bernard’s  Equation: 


cioo  = °-95  - °-97 


cioo  ml-°° 


c = c 

F 100 


( F ) for  pervious  areas. 
(100) 


X 

= 

0.18 

for  Omaha 

C100“ 

1.00 

X 

C100 

C50 

= 

0.88 

X 

cioo 

C25 

= 

0.78 

X 

C100 

C10 

= 

0.66 

X 

C100 

C5 

= 

0.58 

X 

cioo 

C2 

= 

0.49 

X 

cioo 

C1 

= 

0.44 

X 

C100 
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OPEN  AND  PARK  AREA 
1.  Sandy  soil,  flat,  2% 

(100% 

Pervious) 

cioo  = °-10 

- 0.15 

2. 

Sandy 

soil, 

ave. , 2-7% 

(100% 

Pervious ) 

cioo  = °-15 

- 0.20 

3. 

Sandy 

soil , 

steep,  7% 

(100% 

Pervious) 

cioo  = °-20 

- 0.30 

4. 

Heavy 

Soil , 

flat,  2% 

(100% 

Pervious) 

cioo  - °*15 

- 0.25 

1 - 

5. 

Heavy 

soil , 

ave. , 2-7% 

(100% 

Pervious) 

cioo  = °-25 

- 0.35 

6. 

Heavy 

soil , 

steep,  7% 

(100% 

Pervious) 

C100  = 0,35 

- 0.45 

Water  Quality  of  Combined  Sewage 


Wet-weather  combined  sewage  flow  may  contain  significant 
quantities  of  pollutants.  The  pollutants  which  are  of  the  most 
concern  in  the  Omaha  system  consist  of  BOD^,  suspended  solids, 
ammonia,  phosphorus,  and  fecal  coliform  because  these  are  the 
significant  pollutants  upon  which  the  desired  levels  of  treat- 
ment are  to  be  imposed.  The  concentrations  of  these  pollutants 
in  combined  sewer  overflow  depend  on  a number  of  factors  which 
include  the  duration  and  intensity  of  rainfall,  the  time  period 
between  rainfall  events,  the  volume  of  runoff,  the  efficiency 
of  street  cleaning  operations , and  characteristics  of  the  sewer 
system. 

Data  on  the  characteristics  of  Omaha's  combined  sewer  over- 
flows are  not  available.  However,  the  water  quality  of  the  com- 
bined sewer  discharges  during  several  rainfall  events  in  1957 
is  reported  in  the  1958  report,  "Interceptor  Sewers  Disposal" 
by  Henningson,  Durham  and  Richardson.  In  1957,  the  main  com- 
bined sewers  discharged  sewage  directly  to  the  Missouri  River 
without  treatment.  These  water  quality  data,  presented  in  Ap- 
pendix B,  indicate  that  a wide  range  of  BOD,.  and  suspended  so- 
lids concentrations  are  possible  within  the  Omaha  combined  sewer 
system.  Unfortunately,  these  data  do  not  provide  a reliable 
base  for  predicting  the  water  quality  of  Omaha's  combined  sewer 
overflows  because  of  the  lack  of  additional  information  to  ex- 
plain the  wide  variation  in  sampling  results. 

A literature  search  was  conducted  to  examine  the  issue  of 
pollutant  concentrations  associated  with  wet-weather  combined 
sewer  flow.  As  would  be  expected  for  the  phenomenon  under  con- 
siderations, very  wide  scatter  of  data  is  found.  However,  a 
definite  trend  exists.  In  almost  all  studies,  the  authors  in- 
dicate high  pollutant  concentrations  with  the  sewer  system 
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"first  flush",  then  a gradual  decrease  with  time  as  the  system 
is  purged  by  the  wet-weather  flows,  and  an  eventual  establish- 
ment of  a near-constant  concentration  of  BOD^  and  suspended 
solids  with  storms  of  prolonged  duration. 

Neither  the  data  from  Omaha  nor  from  the  literature  pro- 
vide a reliable  basis  for  predicting  Omaha's  combined  sewer 
i.  overflow  water  quality.  For  planning  purposes  the  concentra- 

tions of  the  pollutants  have  been  assumed  to  vary  with  time,  as 
r*  indicated  in  Plate  12,  based  on  engineering  judgement  of  the 

available  data.  The  average  concentrations  of  BOD,.,  suspended 
, ' solids,  ammonia  nitrogen,  and  phosphorus  which  are  assumed  for 

this  study  are  presented  in  Table  A-5. 

Concentrations  of  BOD,.  and  suspended  solids  in  the  over- 
flows from  Omaha's  combined  sewers  are  assumed  to  be  250  mg/1 
and  400  mg/1,  respectively,  during  the  "first  flush"  of  runoff. 

These  concentrations  are  assumed  to  decline  to  50  mg/1  of  B0D_ 

5 

and  200  mg/1  of  suspended  solids  as  the  sewer  system  is  purged. 
The  concentration  of  ammonia  nitrogen  is  assumed  to  range  be- 
tween 6 and  8 mg/1  at  the  beginning  of  the  runoff,  but  is  as- 
sumed to  drop  by  50  percent  as  the  rate  of  runoff  tapers.  The 
concentration  of  total  phosphorus  is  assumed  to  range  between 
6 and  10  mg/1  during  the  beginning  of  the  runoff,  but  it  also 
is  assumed  to  drop  by  50  percent  as  the  rate  of  runoff  tapers. 

It  is  recognized  that  the  "first  Flush"  concentrations 
may  range  quite  widely  in  Omaha,  depending  on  the  rainfall  in- 
tensity and  duration, the  time  between  rainfall  events  and  the 
location  and  characteristics  of  the  main  sewer.  The  above 
values  are  assumed  to  represent  an  average  of  the  possible  con- 
centrations and  are  therefore,  not  meant  to  be  dependent  upon 
specific  factors  such  as  rainfall  intensity  and  duration. 
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Table  A-5 

ASSUMED  AVERAGE  CONCENTRATIONS  OF  POLLUTANTS  IN 
COMBINED  SEWER  OVERFLOW,  OMAHA,  NEBRASKA 


Pollutant 


BODr 


Suspended  Solids 
Ammonia  Nitrogen 
Phosphorus 


Average  Value,  mg/1 

100 

250 

15 

4 


Economic  Evaluation  Criteria  and  Procedures 

Federal  EPA  requirements  for  planning  studies  state  that 
plan  recommendations  should  be  based  on  a cost-effectiveness 
study.  The  criteria  used  in  the  economic  evaluation  and  eco- 
nomic comparison  of  alternative  plans  for  abatment  of  pollution 
from  combined  sewers  are  presented  in  this  section. 

There  is  an  important  distinction  between  an  economic  eval- 
uation and  a financial  analysis.  Financial  analyse j include 
the  monetary  receipts  and  disbursements  associated  with  a pro- 
ject. An  economic  evaluation  does  not  include  a consideration 
of  outstanding  debt  or  debt  retirement  on  a facility.  In  an 
economic  evaluation  the  cost  of  a facility  already  constructed 
(sunk  cost)  is  common  to  each  alternative  and  is  not  directly 
considered.  However,  the  economic  evaluation  does  include  the 
costs  of  replacing  an  existing  component  at  the  end  of  its  re- 
maining economic  life.  The  effect  of  this  procedure  is  to  cre- 
dit existing  components  through  deferment  of  the  replacement 
cost,  whereas  alternatives  of  new  construction  require  immediate 
investments . 


A-ll 


AO-A041  936  ARMY  ENGINEER  DISTRICT  OMAHA  NEBR  F/6  8/6 

WATER  ANO  RELATED  LAND  RESOURCES  MANAGEMENT  STUDY.  VOLUME  V.  SU— ETC(U) 
JUN  75 

UNCLASSIFIED  NL 

ssspss 

■ ■ fiwgfl  L-  — B ■ •-  -JH  r J L«^j 


MICROCOPY  RESOLUTION  TEST  CHART  ' 

NAilONAl  MIRE  All  i'1  I ANDARI  >, . 1'U  • * 


Following  the  principles  of  engineering  economic  analyses, 

no  escalation  of  costs  for  construction,  operation,  maintenance, 

or  replacement  was  considered.  Costs  for  system  components  are 

based  on  March  1974  costs.  Estimated  land  costs  are  presented 

in  Table  A-6. 

Economic  Criteria 

The  criteria  for  economic  evaluation  consist  of  the  plan- 
ning period,  interest  rate  (the  time  value  of  money) , the  ec- 
onomic life  of  facilities,  the  design  period  for  new  facilities, 
and  the  selection  of  conversion  factors  used  in  an  economic  eval- 
uation. The  economic  criteria  are  used  to  evaluate  the  altern- 
atives for  wastewater  management  and  to  compare  these  alterna- 
tives on  the  basis  of  total  present  worth  cost. 

Planning  Period.  A planning  period  from  the  present  to 
1995  was  selected  in  the  analysis  of  alternatives  for  cost- 
effectiveness.  The  present  worth  cost  of  an  alternative  in- 
cludes the  capital  costs  of  all  construction  required  within 
the  planning  period  and  the  replacement  of  those  facilities  be- 
tween the  present  and  year  2020. 

Interest  Rate.  The  interest  rate  used  in  economic  eval- 
uation should  reflect  the  best  estimate  of  the  costs  incurred 
by  investors  in  foregoing  investment  in  other  sectors  of  the 
economy.  Normally  rates  of  4 to  10  percent  are  used  for  re- 
gional planning.  An  evaluation  was  made  to  determine  the  ef- 
cect  of  comparing  the  cost  of  different  alternatives  for  in- 
terest rates  of  4,  7,  and  10  percent.  The  effect  was  negligible. 
Based  on  this  evaluation  and  current  recommendations  of  the  Fed- 
eral EPA,  and  interest  rate  of  7 percent  was  selected  for  use. 

Economic  Life.  For  purpose's  of  economic  evaluation,  eco- 
nomic lives  of  50  years  for  sewers  and  force  mains  and  25  years 
for  pumping  stations,  lift  stations,  and  sewage  treatment  fac- 
ilities were  selected.  The  25-year  economic  life  for  a sewage 
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Table  A- 6 


ESTIMATED  LAND  COSTS 


General  Location 


Estimated  Cost/Acrej^  Owners/Acre j/ 


1. 

North  of  Carter  Lake  & west  of 
Eppley  Airfield 

$25,000 

0.20 

2. 

Triangle  below  Carter  Lake 

25,000 

0.50 

3. 

Around  sewage  treatment  plant 

45,000 

2.0 

4. 

North  of  Council  Bluffs,  across 
Missouri  River  from  E£>plsy  Airfield 

12,000 

& 

5. 

East  side  of  levee  and  south 
of  Council  Bluffs 

10,000 

& 

6. 

West  of  levee,  from  Carter  Lake 
to  sewage  treatment  plant 

40,000 

2.0 

7. 

General  - 55th  Street  west  to 
to  30th  Street  east-  north  of 
Dodge  Street 

75,000 

3.0 

8. 

Western  area  - south  of  Dodge 
Street 

40,000 

2.0 

9. 

Land  east  of  levee  in  Nebraska  from: 

a.  Eppley  Airfield  to  Locust  St. 

10,000 

b.  Locust  to  Hamilton 

25,000 

c.  Hamilton  to  Bancroft 

12,000 

d.  Brancroft  to  "F" 

3,000 

e.  "F"  to  treatment  plant 

12,000 

1/  Omaha  District,  Corps  of  Engineers 
2/  Acquisition  costs  are  approximately  $2000/owner 
3/  Owners  in  area 
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treatment  plant  is  based  on  the  cost  of  plant  components  rela- 
tive to  the  total  cost  and  anticipated  useful  life  for  the  var- 
ious components.  If  the  end  of  a facility's  economic  life  oc- 
curs within  the  economic  evaluation  period,  the  cost  of  replace- 
ment is  included  in  the  present  worth  analysis. 

Design  Period.  New  sewers,  force  mains,  and  storage  bas- 
ins are  sized  for  year  2025.  Treatment  facilities  are  sized  on 
the  basis  of  projected  loadings  for  the  next  20  years. 

Factors  Used  in  Economic  Evaluation.  Two  factors  are  com- 
monly used  in  the  economic  comparison  of  alternatives.  These 
are  the  single  payment  present  worth  factor  (PWF)  and  the  ser- 
ies present  worth  factor  (SPWF) . The  single  payment  PWF  con- 
verts a future  investment  cost  to  equivalent  present  value  and 
is  used  in  determining  the  present  value  of  future  investment 
to  replace  existing  facilities.  The  SPWF  converts  a series  of 
uniform  annual  payments  such  as  operation  and  maintenance  costs 
to  an  equivalent  annual  lump  sum  cost  at  the  beginning  of  the 
period. 
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APPENDIX  B 

WATER  OUAUTY  OF  COMBINED  SEWER  OVERFLOW 

AND 

SEPARATE  STORM  SEWER  DISCHARGE 
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Appendix  B 


WATER  QUALITY  OF  COMBINED  SEWER  OVERFLOWS 
AND  SEPARATE  STORM  SEWER  DISCHARGE 


The  water  quality  of  combined  sewer  overflows  and  storm 
water  discharge  may  vary  from  municipality  to  municipality,  dis- 
charge point  to  discharge  point,  and  rainfall.  Because  of  this 
variance,  a search  of  the  literature  on  the  subject  of  combined 
sewer  overflows  and  storm  water  discharges  was  conducted  to  ga- 
ther some  insight  on  the  water  quality  of  combined  sewer  over- 
flows and  separate  storm  sewer  discharges  in  the  Omaha-Missouri 
River  sewerage  system. 

Water  Quality  of  Combined  Sewer  Overflows 

The  only  reported  sampling  program  on  the  Omaha-Missouri 
River  combined  sewer  system  is  presented  in  the  1958  report, 
"Interceptor  Sewers  and  Sewage  Disposal"  by  Hennington,  Durham, 
and  Richardson.  The  water  quality  of  the  combined  sewer  discharge 
was  determined  during  several  rainfall  periods  prior  to  the  con- 
struction of  the  present  primary  plant.  The  results  of  the  tests, 
presented  in  Table  B-l  for  non-proportional  24-hour  composite 
samples , indicate  a wide  variation  of  BOD,,  concentrations  de- 
pending upon  location  and  rainfall  event. 

Burn,  et.  al.,— ^ studied  combined  sewage  flows  from  an  area 
serving  about  one  third  of  Detroit:  about  22,000  acres  and 

400,000  people.  The  area  varied  from  residential  to  commercial 
to  light  industrial  in  nature.  They  found  that  the  BOD  of  the 
combined  runoff  declined  appreciably  with  time,  the  concentra- 
tion being  about  200  mg/1  at  the  beginning  of  a storm  and  de- 
clining to  90  or  100  mg/1  for  flows  6 hours  or  more  after  the 
beginning  of  the  storm. 
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Table  B-l 


TABULATION  OF  ANALYSES  ON  SEWAGE  SAMPLES  COLLECTED 
OMAHA,  NEBRASKA-7" 


Volatile 


Average 

Suspended 

Suspended 

Location 

Flow 

(MGD) 

1957 

Date 

BOD  Solids 
pH(mg5/l)  (mg/1) 

Solids 

(mg/1) 

Douglas  St. 

Rain-/ 

11/16 

8.6 

860 

2468 

1894 

Outlet 
Jones  St. 

Rain-/ 

9/10-9/11 

7.0 

30 

35 

30 

Outlet 

Leavenworth  St. 

Rain-^/ 

9/18-9/19 

6 . 6 

340 

275 

250 

Outlet 

Leavenworth  St. 

Rain^/ 

9/20-9/21 

7.0 

325 

290 

205 

Outlet 
Hickory  St. 

Rain^-/ 

9/10-9/11 

7.4 

80 

110 

80 

Outlet 

Missouri  Ave. 

Rain-7 

10/22-10/23 

7.7 

420 

70 

47 

1/  "Interceptor  Sewers  and  Sewage  Disposal",  Volume  2, 
Henningson,  Durham,  and  Richardson,  1958. 

2/  Flow  not  measured  during  rainfall  periods 

Suspended  solids  were  found  to  decline  only  slowly 
following  the  beginning  of  storm  runoff.  The  concentration 
averaged  from  275  to  300  mg/1  the  first  6 to  12  hours  of 
storm  runoff,  and  then  declined  to  about  200  mg/1.  Ammonia 
nitrogen  is  found  in  higher  concentrations  in  the  early 
hours  of  a storm  than  the  later.  It  averaged  about  8 mg/1 
at  the  start  of  storm  runoff  and  declined  to  5.2  mg/1  after 
storm  runoff  had  continued  over  12  hours. 

For  each  of  these  three  parameters  of  pollution,  it  was 
found  that  the  concentrations  were  higher  during  the  spring 
months  (April  and  May)  than  during  the  fall  months.  The 
summer  months  were  generally  higher  than  the  fall.  For  BOD^. 
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most  of  the  change  in  concentration  that  occurred  between 
spring  and  summer  was  greater  than  between  summer  and  fall. 

For  ammonia,  the  change  occurring  between  summer  and  fall 
was  greater;  and  for  suspended  solids,  the  change  in  concen- 
tration was  more  or  less  uniform  with  a portion  occurring 
with  each  change  of  the  seasons. 

2/ 

Benzie  and  Courchaine—  had  reported  earlier  on  some 
aspects  of  combined  sewer  overflow  quality  in  Detroit.  Their 
measurements  of  suspended  solids  with  a mean  of  150  mg/1  were 
slightly  lower  than  those  found  by  Burm,  et.  al.  Their  average 
concentration  of  NH^-N,  3.25  mg/1,  was  also  lower. 

Their  survey  lasted  from  early  May,  1963  through  late  Oc- 
tober, 1964.  However,  samples  were  only  composited  for  ammonia 
and  suspended  solids  determinations  between  late  March  and  late 
September,  1964,  which  corresponds  well  with  the  season  of  the 
year  included  in  the  study  of  Burm,  et.  al. 

3/ 

Burgess  & Niple,  Ltd.—  reported  on  a study  of  combined 
sewers  in  Bucyrus,  Ohio.  Their  sampling  program  was  of  limited 
duration,  and  covered  only  5 storm  events.  They  found  an 
average  BOD  of  about  130  mg/1,  suspended  solids  of  about  480 
mg/1  and  ammonia  nitrogen  of  2.3  mg/1. 

They  found  that  the  BOD  concentration  declined  during  the 
course  of  a storm  event,  being  perhaps  250  mg/1  at  the  start  of 
a storm,  and  declining  to  concentrations  of  200  mg/1  at  50 
minutes,  100  mg/1  at  two  and  a half  hours,  and  50  mg/1  or  less 
when  overflow  continued  beyond  four  hours.  They  also  found 
that  the  BOD  could  be  improved  greatly  by  plain  sedimentation, 
at  least  during  the  early  portion  of  a storm.  When  the  BOD 
of  the  combined  sewage  was  about  200  mg/1 , one  half  hour  of 
sedimentation  would  reduce  the  BOD  to  below  100  mg/1 , one  hour 
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to  less  than  50  mg/1,  and  periods  over  two  hours  would  reduce 
the  BOD  to  well  below  50  mg/1. 

Burgess  & Niple  reported  that  the  amount  of  BOD  that  runs 

off  of  a given  unit  of  land  area  is  a function  both  of  the 

amount  of  precipitation  and  of  the  time  elapsed  from  the  last 

4/ 

rainfall.  Pravoshinsky  and  Gatillo—  reported  on  studies  of 
storm  runoff  in  Minsk,  U.S.S.R.  extending  from  1950  through 
1966  (17  years).  They,  too,  found  a relationship  between  the 
time  interval  between  storms,  the  intensity  of  the  storm,  and 
the  pollution  load. 

Inreasing  pollution  load  with  increasing  time  from  the 
preceeding  runoff  combined  with  concentrations  that  decline 
with  flow  duration  were  also  found  by  Davidson  and  Gameson— ^ . 
These  investigators  had  studied  successively  three  separate 
areas  (Northampton,  Bradford,  and  Brighouse)  in  England.  The 
areas  studied  were  primarily  residential,  were  studied  for 
at  least  two  years  each,  and  had  areas  of  167,  229,  and  597 
acres.  The  authors  suggest  average  concentrations  of  suspended 
solids  of  400  mg/1,  60  mg/1  BOD,.,  and  4 mg/1  ammonia  nitrogen. 

Davidson  and  Gameson  indicate  that  concentrations  of  BOD,., 
suspended  solids,  and  ammonia  all  decline  from  maxima  at  the 
start  of  storms  to  minima  within  an  hour  to  an  hour  and  a half. 
The  maximum  for  Northampton  was  about  350  mg/1,  and  the  minima 
averaged  about  60  mg/1  for  5-day  BOD.  Suspended  solids  began 
with  concentrations  near  600  to  800  mg/1  and  declined  to  about 
200  mg/1.  Ammonia  concentrations  declined  from  about  20  at 
the  start  of  a storm  to  about  4 during  the  last  of  the  runoff 
period. 

6/ 

Diaper  and  Glover^-'  reported  that  the  BOD  in  combined 
sewage  from  an  11  acre  area  in  Philadelphia  average  112  mg/1  for 
26  events.  During  these  same  events,  an  average  suspended 
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solids  of  184  mg/1  was  found. 

Guarino , et.  al.—^  reported  on  a sampling  program  covering 
a portion  of  Philadelphia  served  with  combined  sewers.  The 
population  was  about  173,000  people  in  an  area  of  5,400  acres. 
Difficulties  were  experienced  with  the  automatic  proportional 
sampling  equipment,  so  that  only  grab  samples  were  available. 
Based  on  those  samples  collected  at  known  times  and  measured 
flow,  it  was  determined  that  the  "volume  of  runoff "-"total 
load  of  BOD"  relationship  is  approximately  as  tabulated  below. 

Table  B-2 

RELATIONSHIP  BETWEEN  RUNOFF  VOLUME  AND  BOD  LOAD 

Percent  of  Total  Volume  of  Runoff  25  50  75  100 

Percent  of  Total  BOD  Load  50  73  90  100 

8/ 

Eckoff—  presented  data  collected  in  San  Francisco  where 
sewers  tend  to  be  laid  on  relatively  steep  slopes  which  mini- 
mize the  deposition  of  solids.  The  average  BOD  of  the  combined 
sewage  in  San  Francisco  was  found  to  be  36  mg/1 ; suspended  solids 
of  224  mg/1  were  found;  and  total  nitrogen  was  found  to  be  4 
mg/1. 

9/ 

Friedland,  et.  al.—  reported  on  additional  studies  on 
six  basins  in  San  Francisco  totaling  4,380  acres  and  having 
130,000  inhabitants.  Each  of  the  individual  basins  is  pre- 
dominantly residential  in  nature.  The  collection  of  data  ex- 
tended from  November,  1966,  through  February,  1970,  although 
only  one  basin  was  sampled  on  any  one  occasion. 

They  conclude  that  combined  sewage  typically  goes  through 
the  following  phases  after  runoff  begins: 

First  Phase:  characteristics  nearly  the  same  as  domestic 

sewage. 
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Second  Phase:  of  short  duration  pollutant  concentrations 

may  exceed  domestic  sewage,  and 

Third  Phase:  strength  declines  to  that  of  dilute  domestic 

sewage.  In  San  Francisco,  concentrations  during  the  second 
phase  may  be  twice  that  of  domestic  sewage,  while  during  the 
third  phase,  they  may  be  10%  to  25%  of  the  domestic  values. 

Lager  et.al.-^^  reported  on  the  development  of  a computer 
model  which  was  calibrated  with  the  aid  of  data  from  San  Fran- 
cisco. The  measured  data  for  BOD  concentrations  indicate  the 
BOD  is  below  50  mg/1  for  extended  periods  during  the  tail  end 
of  the  runoff  period. 

Marske^-^  tested  screening  methods  for  treatment  of  combined 
sewer  overflows  in  Portland,  Oregon.  Water  quality  of  combined 
sewer  overflows  from  an  area  of  25,000  acres  was  determined 
and  reported  as  shown  in  Table  B-3. 

Table  B-3 

COMBINED  SEWER  OVERFLOW  IN  PORTLAND,  OREGON 


Characteristic 


Mean  Value 


Standard  Deviation 


bod5 

Suspended  Solids 
Ammonia  Nitrogen 


(mg/1 ) 
105 
146 
5.1 


- 25 
± 59 
± 1.4 


The  combined  sewage  characteristics  at  Sacramento, 

12/ 

California  reported  by  Envirogenics  Company — are  shown  in 
Tabel  B-4 . 
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Table  B-4 


COMBINED  SEWAGE  CHARACTERISTICS  AT  SACRAMENTO,  CALIFORNIA 

Item  Concentration,  mg/1* 

At  Start  3_  Hours  Later  12  to  18  Hours  Later 

BOD  283  148  155 

Suspended  Solids  230  106  146 

* Each  value  represents  averages  for  5 or  6 events  between 
December,  1968  and  May,  1969. 

13/ 

Mason — reported  on  a program  to  treat  combined  sewage 
in  Milwaukee,  Wisconsin  from  a 495  acre  residential  area.  The 
quality  of  the  sewage  before  treatment  was  reported  as  pre- 
sented in  Table  B-5. 


Table  B-5 

COMBINED  SEWAGE  CHARACTERISTICS  AT  MILWAUKEE,  WISCONSIN 

Flow  During  Concentration,  mg/1 

BOD  Suspended  solids  Kjeldahl  N 

First  20  to  60  Minutes  186  *40  522  * 150  17.6  * 3.1 

Time  Over  60  Minutes  44  + 10  166  + 26  5.5  + 0.8 

Vilaret  and  Pyne^/ 

reported  that  storm  sewage  in  Atlanta , 
Georgia,  has  an  average  BOD  of  143  mg/1. 

Filippi  and  Shih— ^ reported  on  a program  testing  the 
quality  of  combined  sewer  overflows  in  Washington,  D.C.  They 
examined  two  drainage  basins,  one  of  110  acres  and  the  other  of 
265  acres.  They  found  the  following  concentrations  to  be  repre- 
sentative of  the  quality:  BOD^,  71  mg/1,  suspended  solids,  622 

mg/1,  and  NH.J-N,  1.5  mg/1. 
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Davis  and  Borchardt — reported  on  a program  for  a combined 

sewer  overflow  abatement  plan  for  Des  Moines,  Iowa.  Laboratory 

analysis  of  the  discharges  sampled  in  Des  Moines  showed  combined 
sewer  overflows  to  have  concentrations  of  BOD2,  72  mg/1; 
suspended  solids,  329  mg/1;  and,  NH3-N , 4.7  mg/1. 

The  reports  discussed  above  are  summarized  in  Table  B-6. 

Table  B-6 

SUMMARY  OF  COMBINED  SEWAGE  QUALITY 


Community 


Atlanta,  Georgia—^ 


Average  Concentration  of  Pollutant,  mg/1 
Suspended 

BOD  Solids  NH^-N  Area  Acres 


Area  Acres 


Bucyrus,  Ohio—' 

130 

480 

2.3 

1,009 

Chicago,  111.^^ 

50 

275 

6* 

_ 22/ 
Des  Moines,  Iowa — 

72 

329 

4.7 

4,000 

Detroit,  Mich.— ^ 

150E 

250E 

6E 

22,000 

2/ 

Detroit,  Mich.— 

150 

3.2 

13/ 

Milwaukee,  Wise. — 

75E 

200E 

495 

Northampton , England—^ 

80 

400 

4 

5/ 

Philadelphia,  Penn.— 

112 

184 

11 

Portland,  Oregorr^ 

105 

146 

5.1 

25,000 

12/ 

Sacramento,  Calif. — 

150E 

140E 

8/ 

San  Francisco,  Calif.— 

36 

224 

4 

9/ 

San  Francisco,  Calif.— 

30%** 

30%** 

30%** 

4,380 

10/ 

San  Francisco,  Calif. — 

50 

Washington,  D.C.— ^ 

71 

622 

1.5 

* For  runoff  greater  than  1,000  acre  feet. 

**  Values  given  are  percentage  of  dry  weather  values. 
E Denotes  values  which  have  been  estimated. 


As  can  be  noted  from  a review  of  the  preceding  table, 
the  reported  average  values  of  BOD  , suspended  solids,  and  am- 

i -> 

monia  nitrogen  concentrations  in  combined  sewer  overflow  varies 
from  system  to  system.  However,  for  planning  purposes,  the 
concentrations  listed  in  Table  B-7  are  assumed  to  represent 
the  average  values  of  BOD,.,  suspended  solids,  and  ammonia 
nitrogen  in  combined  sewer  overflows  in  Omaha,  Nebraska. 


Table  B-7 

ASSUMED  CHARACTERISTICS  OF  COMBINED 
SEWER  OVERFLOWS  IN  OMAHA,  NEBRASKA 


Characteristic 


Average  Concentration (mg/1) 


bod5  100 
Suspended  Solids  250 
Ammonia  Nitrogen  5 


Storm  Water  Discharge 

Storm  waters  unmixed  with  sanitary  sewage  were  reported 
with  a range  of  BOD  from  17  to  236  mg/1  and  suspended  soiids 
from  600  to  14,500  mg/1  by  the  American  Public  Works  Associa- 
tion in  "Water  Pollution  Aspects  of  Urban  Runoff. ^ The 
report  presents  a summary  of  sampling  programs  conducted  in 
other  cities  around  the  world  for  the  most  part. 

14/ 

Vilaret  and  Pyne — - reported  that  based  on  their  studies 
in  Atlanta,  Georgia,  the  BOD  of  separate  storm  runoff  (and 
therefore,  the  storm  flow  component  of  combined  runoff)  varies 
in  proportion  to  the  rate  of  flow.  They  found  that  over  half 
of  the  annual  BOD  load  from  storm  runoff  in  Atlanta  is  due  to 
storms  with  a frequency  of  two  weeks  or  less. 

Filippi  and  Shib^  reported  on  a sampling  program  for  a 
265  acre  area  in  Washington,  D.C. , served  by  separate  storm 
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sewers.  They  found  BOD  concentrations  to  range  from  3 to  90 
with  an  average  of  19.  Suspended  solids  were  found  to  range 
from  130  to  11,300  with  an  average  of  1,700.  Nitrogen  was 
not  reported. 

17/ 

Soderholm — , et.  al. , drawing  on  experience  in  Stockholm, 
Sweden,  conclude  that  runoff  from  areas  with  separate  storm 

sewers  can  contribute  significant  amounts  of  oils  to  receiving 
streams  when  the  areas  served  convey  a lot  of  traffic.  They 

too  found  generally  low  values  of  BOD,  with  a maximum  of  about 
85  mg/1,  but  an  average  of  about  20  mg/1. 

18  / 

AVCO — ' reported  on  testing  of  separate  storm  sewers  in 
Tulsa,  Oklahoma  and  finding  the  average  BOD  to  range  from  8 
to  18  with  an  average  for  all  15  areas  sampled  of  12  mg/1. 
Suspended  solids  were  found  to  range  from  84  to  2,050  with  an 
average  of  370  mg/1.  The  seven  residential  areas  BOD  averages 
ranged  from  8 to  18  with  an  average  of  about  12  mg/1.  The 
three  commercial  areas  had  average  BOD's  ranging  from  8 to 
14  and  an  average  of  about  11  mg/1.  There  were  three  areas 
classified  as  being  primarily  industrial,  and  the  average  BOD's 
of  the  runoff  from  these  areas  was  13  mg/1.  The  remaining  two 
areas  were  in  use  as  an  airport  and  as  a golf  course,  and  the 
average  BOD  from  these  two  areas  was  about  9 mg/1  (the  golf 
course  being  somewhat  the  higher  of  the  two) . 

The  seven  residential  areas  sampled  by  AVCO  ranged  from 
64  acres  to  550  acres  in  area  with  an  average  area  of  about 
250  acres.  The  testing  program  extended  for  a year  during 
which  30  storms  occurred.  Samples  were  taken  to  characterize 
the  16  parameters  being  investigated. 
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19/ 

Weibel — discussing  runoff  from  27  acres  of  residential 

land  in  Cincinnati,  indicates  that  the  average  concentration 

of  BOD  was  17  mg/1  and  of  suspended  solids  227  mg/1.  He  had 
20/ 

founcF — evidence  that  the  concentration  of  suspended  solids 
varied  with  the  rate  of  storm  water  runoff,  peaking  when  the 
rate  of  runoff  peaks.  For  this  small  watershed,  peak  runoff 
rates  occur  when  the  rainfall  intensity  peaks,  and  any  given 
storm  may  have  more  than  one  period  of  peak  intensity,  or  a 
period  of  peak  intensity  which  is  not  early  in  the  storm. 

Burm,  et.  al.,— ^ report  that  the  separate  sewer  system  in 
Ann  Arbor,  Michigan,  which  they  investigated  had  a drainage  area 
of  3,800  acres.  For  this  area,  a storm  runoff  which  lasted 
more  than  an  hour  was  unusual  in  occurrence.  Their  investi- 
gation lasted  for  most  of  calendar  1965,  but  the  data  for  the 
first  four  months  of  the  year  were  not  included  because  of 
problems  with  the  collection  system.  The  annual  mean  BOD 
concentration  which  they  found  was  28  mg/1,  with  insignifi- 
cant variation  during  the  months  reported.  The  suspended 
solids  had  an  annual  average  concentration  of  2,080  mg/1  from 
this  essentially  residential  area,  with  possibly  a heavier  con- 
centration in  the  spring.  Ammonia  nitrogen  was  uniform  at  1.0 
mg/1  through  the  sampling  period. 

2/ 

Benzie  and  Courchaine—  previously  reported  on  an  earlier 
phase  of  the  same  investigation  involving  the  3,800  acres  of 
Ann  Arbor  with  separate  sewers.  They  had  found  ammonia  nitro- 
gen of  0.5  mg/1  and  suspended  solids  of  1,280  mg/1. 

12/ 

Evirogenics — ■ reported  on  separate  storm  quality  in  Sac- 
ramento, California.  They  indicate  that  the  average  quality  of 
the  runoff  varied  with  time  approximately  as  shown  in  Table  B-8. 
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Table  B-8 


TIME  VARIATION  OF  RUNOFF 


Parameter 


BOD 

Suspended  Solids 


Hours  After  Beginning  of  Storm 

0 3 12  to  18 

127  132  82 

58  95  48 


22/ 

Davis  and  Borchardt—  reported  on  separate  storm  water 
quality  in  Des  Moines,  Iowa.  Laboratory  analysis  showed  the 
concentration  of  storm  water  discharges  to  be  BOD^,  53  mg/1; 
suspended  solids,  448  mg/1;  and,  NH^-N,  1.78  mg/1. 

These  several  studies  are  summarized  in  Table  B-9  which 
follows . 

Table  B-9 

SEPARATE  STORM  WATER  QUALITY 


Community  Concentration,  mg/1 Area , Acres 


Min 

bod5 
. Avg. 

Suspended  Solids 
Max . Min . Avg . Max . 

nh3-n 

Avg. 

14/ 

Atlanta,  Ga. — ■ 

- 

17 

- 

_ 

_ 

Ann  Arbor,  Mich.—' ' 

- 

28 

- 1130  2080 

2820 

1.0 

3800 

2/ 

Ann  Arbor,  Mich.— 

- 

- 

- 

900  1280 

2062 

0.5 

3800 

Chicago,  111.— ^ 

- 

77 

- 

- 

- 

- 

Cincinnati  , Ohio^— — 

1 

17 

173 

5 227 

1200 

- 

- 

22/ 

Des  Moines,  Iowa — - 

- 

53 

- 

- 448 

- 

1.8 

4000 

Sacramento,  Calif.— ^ 

25 

110 

283 

3 67 

211 

- 

- 

Stockholm,  Sweden—^ 

3 

20 

85 

- - 

- 

- 

- 

Tulsa,  Okla.— ^ 

5586 

Residential 

1 

12 

39 

136  - 

332 

- 

1815 

Commercial 

2 

11 

27 

169  - 

401 

- 

1293 

Industrial 

3 

13 

29 

195  370 

2052 

- 

1992 

Open 

6 

9 

23 

89 

445 

- 

486 

Washington,  D.C.— 

3 

19 

90 

130  1700  11300 

- 

265 
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It  should  be  noted  that  in  most  instances  the  values 


reported  represent  averages  of  several  measurements.  In  some 
cases,  the  observed  variation  in  quality  is  rather  extreme.  In 
Sacramento,  for  example,  all  the  measurements  of  storm  water 
quality  reported  here  were  made  from  one  drainage  area,  and 
BOD  varied  from  25  mg/1  to  283  mg/1.  The  data  reported  for 
Tulsa,  on  the  other  hand,  fell  in  a much  narrower  range,  even 
though  a total  of  15  drainage  basins  were  sampled  for  one  year. 

Given  the  variablility  of  sewer  design  velocities  from 
one  system  to  another;  the  variation  in  rainfall  intensity, 
duration,  and  distribution  during  the  year;  the  variability 
in  sizes  of  systems  it  is  difficult  to  draw  any  conclusion 
from  the  available  data.  However,  for  planning  purposes, 
the  concentrations  in  Table  B-10  are  assumed  to  represent 
the  average  values  of  BOD,.,  suspended  solids,  and  ammonia 
nitrogen  in  storm  sewer  discharges  in  Omaha,  Nebraska. 

Table  B-10 

ASSUMED  CHARACTERISTICS  OF 
STORM  SEWER  DISCHARGE  IN  OMAHA,  NEBRASKA 

Characteristic 

bod5 

Suspended  Solids 

nh3~n 
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22/  P.  L.  Davis  and  Borchardt:  Combined  Sewer  Overflow 


Abatement  Plan,  Des  Moines,  Iowa,  EPA  Report  No.  11024 
FEJ  4/74. 
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GEOLOGY 

SUMMARY 

About  2000  feet  of  a sedimentary  rock  sequence  overlies 
Precambrian  granite  in  the  Omaha  area.  The  rock  sequence  com- 
prises interbedded  shales,  sandstones,  limestones  and  dolomites 
ranging  in  age  from  Pennsylvanian  to  Cambrian.  Stratigraphic 
intervals  apparently  adequate  for  tunneling  and  other  under- 
ground structures  include  the  Pennsylvanian  Kansas  City  Group 
of  interbedded  shale  and  limestone  at  depths  estimated  to  range 
up  to  105  feet,  and  a massive  dolomite  of  Mississippian  age  at 
depths  estimated  to  range  between  U50  to  700  feet.  The  massive 
dolomite  would  be  a more  suitable  rock  for  large  underground 
excavations . 

Alluvium  in  the  Missouri  River  flood  plain  consists  of 
varying  admixtures  of  clay,  silt,  sand  and  gravel.  Thickness 
of  the  alluvium  is  in  excess  of  100  feet.  The  alluvium  is  very 
permeable  and  largely  saturated.  The  construction  of  under- 
ground structures  in  the  alluvium  would  be  very  difficult. 

Overburden  on  the  bluffs  adjacent  to  the  river  flood  plain 
consists  mostly  of  glacial  till  and  loess,  in  thicknesses  rang- 
ing up  to  and  exceeding  100  feet. 

REGIONAL  GEOLOGY 

The  Omaha  area  comprises  a broad  loess-mantled  upland  till 
surface  bisected  by  the  valley  of  the  Missouri  River.  In  the 
bedrock  subsurface  the  area  lies  on  the  northeast  flank  of  the 
Nehawka  Arch,  a dominant  structural  feature.  Rock  exposures 
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in  the  area  are  part  of  the  Pennsylvanian  Kansas  City  Group. 
About  2000  feet  of  unexposed,  sedimentary  rocks  overlie  the 
Precambrian  igneous  and  metamorphic  rocks  beneath  the  Omaha 
area.  These  sedimentary  rocks  range  in  age  from  Cambrian 
through  Pennsylvanian. 

The  only  rock  exposures  in  the  Omaha  area  are  confined  to 
the  Missouri  Series  of  Late  Pennsylvanian  age.  The  Cretaceous 
Dakota  Sandstone  may  locally  occur  in  the  subsurface  overlying 
the  Pennsylvanian  rocks.  Unconsolidated  deposits  of  loess, 
glacial  till,  alluvium  and  slope  wash,  all  of  Quaternary  age, 
mantle  the  bedrock  formations. 

PROJECT  GEOLOGY 

Stratigraphy 

Surficial  Deposits.  The  surficial  deposits  in  the  pro- 
ject area  consist  primarily  of  channel  and  flood  plain  alluvium 
and  alluvial  terrances.  This  alluvium  comprises  in  large  part 
admixtures  of  gravel,  sand  and  silt  with  only  local  concentra- 
tions of  clay.  The  clay  deposits  are  most  prominent  in  relic 
channels  of  the  Missouri  River.  The  clay  in  these  areas  may 
range  up  to  1*0  ft.  in  thickness.  The  thickness  of  the  allu- 
vium ranges  in  excess  of  100  ft.  The  terrance  deposits  occur 
along  the  edges  of  the  Missouri  River  flood  plain,  abutting  the 
bluffs,  and  in  the  tributary  stream  valleys.  These  deposits 
range  to  about  30  ft.  in  thickness.  The  bluffs  above  the 
Missouri  River  are  mantled  mostly  by  loess  and  glacial  till. 

In  some  local  areas  bedrock  is  exposed  along  the  bluffs. 

Minor  alluvial- fan  and  slope-wash  deposits  occur  through- 
out the  area.  These  materials  are  primarily  sand  and  silt, 
derived  in  large  part  from  the  loess. 
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Bedrock.  The  most  prevalent  bedrock  unit  underlying  the 
Omaha  area  is  the  Kansas  City  group  of  Pennsylvanian  age.  There 
are  also  local  occurrences  of  the  younger  Lansing  Group.  The 

« 

average  subsurface  thickness  of  the  Kansas  City  Group  is  about 
180  ft.  Due  to  erosion  it  may  be  thinner  in  local  areas.  This 
Group  consists  of  relatively  pure  limestone,  with  interbeds  of 
cherty  and  argillaceous  limestone,  claystone,  and  siltstone. 

Much  of  this  rock  sequence  is  thin  bedded.  The  base  of  the 
Kansas  City  rocks  is  marked  by  a thin,  4 to  10  ft.  thickness  of 
red  shale  and  sandstone.  Some  of  the  limestone  beds  in  the  Kan- 
* sas  City  Group  contain  as  much  as  98%  soluables.  Therefore, 

the  presence  of  solution  cavities  is  a possibility.  None  are 
described  in  the  literature  and  none  were  reported  in  the  drill 
logs  readily  available,  but  the  possibility  of  their  existence 
cannot  be  ignored. 

Underlying  the  Kansas  City  Group  is  the  Marmaton  Group, 
consisting  of  about  120  ft.  of  interbedded  limestone  and  shale. 

The  Cherokee  Group,  consisting  of  about  300  ft.  of  thin 
bedded  shales,  siltstones  and  sandstones,  with  minor  beds  of 
coal  and  limestone  occurs  below  the  Marmaton  Group.  The 
Cherokee  Group  directly  overlies  the  Mississippian  rocks. 

Massive  limestone  and  cherty  dolomite  of  Mississippian 
age  underlies  the  Cherokee  Group.  These  rocks  reportedly  have 
a thickness  of  about  200  ft.  and  occur  about  450  to  TOO  ft. 
below  ground  surface. 

The  above  rock  units  comprise  an  aggregate  estimated 
thickness  of  about  500  ft.  About  1500  ft.  of  sedimentary  rocks, 
ranging  in  age  from  Devonian  to  Cambrian,  occur  between  the 

I Mississippian  rocks  and  granite  (see  Plate  C-l) . The  top  of 

the  Precambrian  rocks  in  the  Omaha  area  generally  occur  between 
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900  and  1300  ft.  below  sea  level. 


Structure 

The  bedrock  units  dip  generally  to  the  east  and  southeast 
at  about  2 to  3°.  This  dip  is  interrupted  by  a probable  exten- 
sion of  the  Humboldt  Fault.  Some  authors  refer  to  this  feature 
in  the  Omaha  area  as  the  Humboldt  Monocline.  In  any  event, 
this  is  a zone  of  faulting  or  a flexure,  with  the  east  side 
structurally  lower.  Reportedly  there  are  about  35  feet  of 
flexure  or  displacement  at  the  bedrock  surface,  increasing  with 
depth. 


ENGINEERING  GEOLOGY 

Surf icial  Deposits  . Foundations  for  engineering  struc- 

tures in  the  surficial  deposits  would  largely  comprise  loess, 
or  loess-derived  materials,  and  alluvium.  The  loess  is  an 
inferior  foundation  material.  It  is  subject  to  differential 
settlement  when  wetted  or  saturated  and  commonly  has  low  shear 
resistance.  The  natural  densities  of  the  loess  in  the  Omaha 
area  range  between  80  and  95  pcf.  Some  large  buildings  in  the 
Omaha  area  required  piles,  penetrating  the  loess  to  bedrock, 
for  support.  The  sandy  alluvium  contains  areas  of  silt  and 
clay,  especially  the  clay  deposits  that  occur  in  relic  channels 
of  the  Missouri  River.  The  physical  properties  of  these  mater- 
ials are  not  presently  defined  in  the  area.  Few  structures  in 
the  area,  however,  show  distress  due  to  an  inferior  foundation. 

Slope  stability  in  the  surficial  deposits  is  highly  var- 
iable. Major  slump  blocks  occur  along  the  Missouri  River  bluff. 
These  blocks  include  loess  as  well  as  the  underlying  till. 
Undercutting  the  bluff  slope  or  saturation  of  the  till  may  have 
provided  the  mechanism  for  the  slumping.  The  loess  stands 
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vertically  in  most  dry  excavations.  Moisture,  however,  tends 
to  reduce  slope  stability  causing  sloughing  and/or  slumping. 

The  glacial  till  is  compact  and  brittle  when  dry  and  can  hold 
relatively  steep  slopes.  However,  the  silty  and  clayey  matrix 
material  becomes  soft  and  sticky  when  wet  and  causes  diffi- 
culties with  excavation  equipment.  Cut  slopes  in  the  alluvium 
are  highly  variable  dependent  on  the  materials.  Sands  and 
gravel  lenses  would  stand  on  moderately  steep  slopes. 

Surface  reservoirs  sited  on  alluvial  materials  in  the 
flood  plain  would  require  detailed  site  investigations.  The 
deposits  are  highly  permeable  and  the  water  table  is  high. 

Bedrock . Tunneling  is  technically  feasible  in  both  the 
Kansas  City  Group  rocks  and  in  the  Mississippian  rocks. 

The  rocks  of  the  Kansas  City  Group  comprise  mostly  thin- 
bedded  strata.  The  Winterset  Limestone,  however,  in  the  lower 
part  of  the  Group,  reportedly  comprises  about  30  ft.  of  fairly 
massive  limestone,  and  would  be  favorable  for  tunneling.  The 
Marmaton  Group  is  very  shaley  and  extensive  vertical  fracturing 
may  be  present  in  the  upper  part.  Any  tunneling  in  this  Group 
would  probably  require  moderate  support  and  would  also  require 
lining.  The  Cherokee  Group  is  very  thin  bedded  and  shaley.  If 
the  Cherokee  Group  is  typical  of  coal-bearing  formations,  then 
tunneling  would  be  extremely  difficult.  Typical  coal-bearing 
sequences  commonly  contain  soft,  weak  rock  types,  such  as  clay 
shales.  This  unit  is  not  favorable  for  tunneling.  A shallow 
tunnel  plan  would  probably  penetrate  rocks  of  both  the  Kansas 
City  and  Marmaton  Groups. 

The  Mississippian  rocks  consist  of  massive  limestone  and 
dolomite,  which  is  favorable  for  tunneling.  Depths  to  these 
units  would  range  between  I450  and  700  ft.  These  rocks  would 
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probably  require  little  support  and  no  lining. 

The  Humboldt  Monocline  must  be  considered  a geologic 
hazard  for  any  tunnel.  Severe  support  problems  and  high  ground- 
water  inflows  may  occur  in  this  zone.  Extensive  grouting  and 
possibly  lining  will  be  required  to  control  groundwater  inflow. 

Mined  storage  is  being  considered  as  one  alternative  for 
types  of  storage.  The  Mississippian  dolomite  offers  the  best 
potential  horizon  at  a reasonable  depth.  Mined  storage  in  and 
near  the  Humboldt  Monocline  should  be  avoided. 

Groundwater 

Little  information  is  available  concerning  exact  ground- 
water  levels  in  the  project  area.  However,  it  can  be  generally 
assumed  that  the  levels  will  be  at  a depth  of  a few  feet  in 
the  Missouri  River  alluvium  and  at  a greater  depth  in  the  over- 
burden and  loess  capping  the  bluffs.  It  can  be  assumed  that 
bedrock  in  the  project  will  be  below  the  water  table.  High 
inflows  would  occur  in  rock  excavations  adjacent  to,  and 
immediately  below,  the  Missouri  River.  Extensive  grouting  would 
probably  be  required  in  the  Kansas  City  and  Marmaton  Group  rocks 
to  control  groundwater  inflows. 

Flooding  and  Erosion 

All  surface  structures  located  in  the  flood  plain  will  be 
subject  to  flooding.  Also  some  proposed  surface  structures  are 
located  in  areas  of  active  erosion  by  the  Missouri  River.  In 
general  the  Missouri  River  is  migrating  to  the  west.  Surface 
structures  placed  in  such  areas  may  need  protective  structures 
or  riprap  to  prevent  erosion. 
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Core  holes  should  be  drilled  to  determine  the  exact 
location,  hydrologic  and  physical  features  of  the  Humboldt 
Monocline,  and  the  adjacent  rocks.  Core  holes  are  needed  to 
further  identify  stratigraphic  intervals  that  may  be  favor- 
able to  rock  tunneling  and  mined  storage  in  the  Kansas  City 
Group  and  to  identify  the  subsurface  configuration  of  the 
Mississippian  rocks. 

Soil  sampling  and  physical  testing  will  be  necessary  to 
evaluate  the  foundation  materials  along  conveyance  tunnels 
located  in  the  overburden.  Soil  sampling  and  testing  should 
also  be  done  at  sites  of  proposed  treatment  plants  to  evaluate 
foundation  conditions,  and  in  areas  of  surface  storage,  to 
check  for  excessively  permeable  foundation  materials. 
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Source  : 

From  Bedrock  Geologic  Map  of  Nebraska, 
Nebraska  Geological  Survey. 
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SCREENING  AND  DISSOLVED-AIR  FLOTATION  SYSTEM 


The  sixth  alternative  that  was  considered  for  abatement 
of  the  pollution  from  the  combined  sewer  overflows  is  the  in- 
stallation of  permanent  screening/dissolved-air  flotation 

treatment  facilities  at  each  of  the  20  combined  sewer  outlets 

that  are  located  along  the  west  bank  of  the  Missouri  River. 

The  screening/dissolved-air  flotation  units,  which  are 
manufactured  by  Envirex,  Inc.  (a  subsidiary  of  Rexnord,  Inc. 
of  Milwaukee,  Wisconsin),  consist  of  screen  chambers  and 
flotation  chambers  that  are  operated  in  series.  The  combined 
sewer  overflow  that  will  be  treated  by  each  of  the  screening/ 
dissolved-air  flotation  units  is  diverted  into  the  screen 
chamber  after  it  has  passed  through  a bar  rack  (that  prevents 
large  objects  from  entering  the  screening/dissolved-air  flota- 
tion unit).  The  screen  that  is  in  the  screen  chamber  consists 
of  an  open-ended  screen  drum  which  rotates  in  the  screen  cham- 
ber. Solids  that  accumulate  on  the  drum  are  flushed  from  the 
screen.  The  solids  can  be  removed  from  the  treatment  area 
either  by  flushing  them  to  a nearby  sanitary  sewer  or  by  de- 
watering and  hauling  them  to  a landfill  site.  A portion  of  the 
effluent  from  the  screen  chamber  is  diverted  from  the  main  flow 
by  two  pumps.  The  diverted  flow  from  one  of  the  pumps  is  used 
to  wash  the  accumulated  solids  from  the  rotating  screen  while 
the  diverted  flow  from  the  second  pump  goes  into  an  air  solution 
tank  where  it  is  saturated  with  air.  The  air-charged  water  is 
then  routed  to  the  inlet  end  of  the  flotation  chamber  where  it 
mixes  with  the  remaining  water  from  the  screen  chamber.  As 
the  mixed  water  flows  through  the  flotation  chamber,  the  rising 


air  bubbles  in  the  water  attach  themselves  to  particulate 
matter  and  float  such  matter  to  the  waters  surface.  The  float- 
ing matter  is  removed  by  mechanical  skimmers  and  is  routed  to 
a nearby  sanitary  sewer.  Chemical  flocculating  agents,  such 
as  ferric  chloride,  are  added  to  the  water  in  the  flotation 
chamber  in  order  to  remove  nutrients.  Chlorine  is  also  added 
to  the  water  in  order  to  provide  for  disinfection  of  the  water 
before  the  treated  water  is  released  to  the  receiving  stream. 

The  screening/ dissolved-air  flotation  system  was  developed 
in  1967  when  Rex  Chainbelt,  Inc.  (now  Envirex,  Inc.)  was  awarded 
a contract  by  the  U.S.  Environmental  Protection  Agency  to  de- 
velop and  to  demonstrate  a feasible  method  of  treating  combined 
sewer  overflows.  After  consideration  of  various  alternatives, 
a combination  screening  and  air  flotation  process  was  selected 
as  having  the  best  potential.  A demonstration  facility  was 
constructed  at  Hawley  Road  and  Trenton  Place  in  the  City  of 
Milwaukee  near  the  outfall  of  an  8-foot,  6-inch  by  5-foot  com- 
bined sewer  that  served  an  area  of  about  500  acres.  The 
demonstration  facility  was  designed  to  treat  up  to  5 mgd  of  the 
combined  sewer  overflow.  While  the  initial  demonstration 
activities  concentrated  on  performance  with  respect  to  the 
efficiency  of  the  system  in  removing  solids  and  in  achieving 
chemical  and  biochemical  oxygen  demand  reduction,  subsequent 
research  has  shown  that  the  addition  of  chemical  flocculating 
agents  can  be  utilized  to  effectively  achieve  nutrient  removal. 

The  initial  results  of  the  Hawley  Road  demonstration 
facility,  as  operated  through  October  1969,  were  reported  in 
summary  form  in  a paper  delivered  at  a symposium  conducted  by 
the  U.S.  Environmental  Protection  Agency,  Water  Quality  Office, 
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in  Chicago  in  June,  1970—  . The  performance  of  the  facility 
up  to  that  time  is  summarized  in  Table  1.  The  data  indicates 
that  removals  of  about  50  percent  of  the  BOD  and  between  50 
and  70  percent  of  the  suspended  solids  can  be  achieved  without 
additional  flocculants  by  the  screening/dissolved-air  flotation 
system. 
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Ohm 


.5  gpm/sq  ft  _ 3.75  gpm/sq  ft  Source:  Envirex,  Inc. 


The  performance  achieved  at  the  Hawley  Road  facility  con- 
firms published  results^  of  a similar  demonstration  program 
conducted  by  the  Rhodes  Technology  Corporation  of  Houston, 
Texas,  in  the  City  of  Fort  Smith,  Arkansas.  The  data  that  is 
reported  by  the  Rhodes  Technology  Corporation  indicates  that 
the  range  of  reduction  in  pollutional  parameters  during  dry- 
and  wet-weather  flow  conditions,  with  and  without  the  use  of 
chemical  treatment  as  an  adjunct  to  mechanical  separation, 
compares  favorably  to  results  normally  achieved  in  secondary 
sewage  treatment  facilities  with  respect  to  removal  of  sus- 
pended solids  and  BOD  and,  with  chemical  additives,  exceeds 
the  performance  of  such  facilities  with  respect  to  nutrient 
removal. 

In  July  of  1973,  Rexnord,  Inc.  was  awarded  a grant  by  the 
U.S.  Environmental  Protection  Agency  to  study  the  screening/ 
dissolved-air  flotation  system  on  a full  scale  for  the  treat- 
ment of  combined  sewer  overflows.  The  site  for  this  project 
was  the  City  of  Racine,  Wisconsin.  The  system  is  operating  at 
full  scale  and  the  results  are  being  evaluated  over  a two 
year  program.  No  data  is  available  at  the  present  time. 
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Rhodes  Technology  Corporation,  Dissolved-Air  Treatment  of 
Combined  Sewer  Overflows,  Houston,  Texas,  January  1970. 
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The  initial  findings  of  the  Hawley  Road  demonstration 
project  were  summarized  in  the  paper  as  follows: 

Based  on  the  data  collected  during  the  study  and 
reported  herein,  it  appears  that  the  screening/dis- 
solved-air  flotation  can  he  utilized  as  a successful 
alternate  to  sewer  separation  in  some  areas.  Re- 
movals of  BOD,  COD,  SS,  and  VSS  in  the  range  of  50-75 
percent  were  recorded  for  the  30  overflows  monitored 
to  date.  The  solids  removed  from  the  overflows  re- 
presented only  about  1 percent  (by  volume)  of  the  raw 
waste-water  flow  and  had  a concentration  of  2 to  4 
percent.  The  entire  system  is  completely  automated 
and  requires  a minimum  of  maintenance. 

Operation  of  the  Hawley  Road  demonstration  facility  after 
October,  1969  indicated  that,  with  the  addition  of  ferric 
chloride  and  polymers,  substantial  removal  of  soluble  phos- 
phorus and  nitrogen  was  possible  (see  Table  2).  The  screening/ 
dissolved-air  flotation  system  achieved  phosphate  removals  in 
excess  of  85  percent  for  19  of  the  2k  conditions  studied.  It 
should  be  noted  that  the  performance  variations  shown  in  Table 
2 may  be  attributed  to  the  experimental  nature  of  the  facility. 
Improved,  permanent  installations  should  be  able  to  consistently 
achieve  higher  levels  of  phosphorus  and  nitrogen  removal  than 
were  achieved  at  the  Hawley  Road  facility. 
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SEWER  SEPARATION 


The  cost  of  sewers  separation  has  been  investigated  for 
several  cities  with  combined  sewers  and  has  been  reported  in  a 
1968  study— ^ by  the  American  Society  of  Civil  Engineers  (ASCE) 
under  contract  with  the  Federal  Water  Pollution  Control  Adminis- 
tration (FWPCA) . The  objective  of  the  study  was  to  evaluate  the 
feasibility  and  costs  of  sewer  separation  using  pressurized 
sewers,  as  conceived  by  Professor  Gordon  M.  Fair  of  Harvard 
University.  The  cost  of  sewer  separation  with  pressurized  sewers 
was  compared  in  the  study  with  the  costs  of  sewer  separation 
utilizing  conventional  gravity  flow  systems  and  were  found  to  be 
about  1.5  to  1.0  times  as  high.  The  costs  of  the  conventional 
gravity  flow  system  were  determined  for  San  Francisco,  California; 
Milwaukee,  Wisconsin;  and  Boston,  Massachusetts. 

Costs  for  sewer  separation  were  also  reported  by  the  Environ- 

2/ 

mental  Protection  Agency  in  a recent  study—  . Approximate  costs 
for  16  cities  showed  on  average  of  $12,247  per  acre  served  as  of 
1964. 


1/  U.S.  Department  of  the  Interior,  Federal  Water  Pollution 
Control  Administration,  Combined  Sewer  Separation  Using 
Pressure  Sewers,  Feasibility  and  Development  of  a New 
Method  for  Separating  Wastewater  from  Combined  Sewage 
Systems,  Water  Pollution  Control  Research  Series  ORD-4 , 
October  1969  by  the  American  Society  of  Civil  Engineers. 

2/  EPA  publication  "Alternative  Waste  Management  Tech- 
niques for  Best  Practicable  Waste  Treatment"  March  1974. 


The  lowest  cost  of  separation  of  sewers  was  in  the  Milwaukee 
3/ 

test  area.  In  a report—  jointly  prepared  by  the  ASCE  staff  and 
Greeley  and  Hansen,  Consulting  Engineers,  Chicago,  Illinois,  the 
study  area  characteristics  are  reported  to  be  as  presented  in 
Table  E-l. 


Table  E-l 

CHARACTERISTICS  OF  MILWAUKEE,  WISCONSIN 
STUDY  AREA  FOR  HYPOTHETICAL  APPLICATION  OF 
ASCE  COMBINED  SEWER  SEPARATION  PROJECT 


Characteristic 

Extent  of  Gross  Area 

Type  of  Development 
Present 
Projected 

Length  of  Combined  Sewers 
Topography 

Population 

Dwelling  Units 

Number  of  Service  Connections 
Special  Difficulties 

The  results  of  the  study  for 
in  Table  E-2. 


Milwaukee,  Wise. 

157  acres 

Mainly  Residential 
Primarily  Residential  with 
large  apartment  complexes 

33.000  feet 

Gently  Sloping 
(El.  30  to  80  feet) 

11,300  (1966) 

14.000  (1993) 

3,500  (1966  Est.) 

5,800  (1993) 

843  (1993) 

Closely  spaced  buildings 
the  Milwaukee  area  are  presented 


The  cost  of  conventional  separation  of  sewers  can  be 
described  as  a function  of  the  number  of  structures  within  the 
area  and  the  areal  extent  of  the  service  area.  This  cost  can  be 
expressed  as  follows: 

Cost  = $12,080  x Aj  + $2,435  x S 

where  A^  = Area  tributary  to  new  sanitary  collection  sys- 
tem, area;  and 

S = Number  of  structures  in  service  area 


I 


Table  E-2 

ADJUSTMENT  OF  CAPITAL  COSTS  FOR 
PREPARATION  OF  COMBINED  SEWERS  IN  THE 
MILWAUKEE,  WISCONSIN,  STUDY  AREA 


Item 

Cost  in  , . 
ASCE  Study— 

Adjusted 

Cost 

In-house  Separation 

$ 912,000 

$ 912,000 

+ Escalation  ENR 

Construction  Index  of 
1200  to  2000 

_ 

608,000 

Area  Collection 

843,000 

843,000 

+ Escalation  1968  to  1974 

- 

562,000 

Subtotal 

1,755,000 

2,925,000 

Engineering  & Contingencies 
at  25% 

440,000 

at  35% 

- 

1,024,000 

Total 

$2,195,000 

$3,949,000 

Cost  per  structure 

2,610 

4,700 

Cost  per  Acre 

14,000 

25,200 

Cost  In-House  (per  structure) 

- 

2,435 

Cost  Area  Collection  (per 
acre) 

12,080 

3/  Ibid. 

These  costs  are  based  upon  construction  of  new  separate 
sanitary  sewer  system  and  modification  of  existing  house  and 
building  sewers  to  eliminate  clear  water  to  the  sanitary  sewers. 
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As  seen  from  the  above  cost  equation,  the  cost  of  separation  will 
be  substantially  lower  in  areas  where  the  number  of  structures  is 
relatively  low.  Where  S is  low,  the  area  tributary  to  the  new 
sanitary  collection  system  is  probably  less  than  the  area  tributary 
to  the  existing  combined  sewer  system.  Thus,  the  factors  that 
tend  to  economically  favor  sewer  separation  are  urban  renewal,  low 
density  housing,  redevelopment,  large  undeveloped  areas,  and 
proximity  to  the  main  interceptor. 

Urban  renewal  programs  that  require  demolition  of  existing 
structures  reduce  the  cost  of  sewer  separation.  By  razing  struc- 
tures connected  to  the  combined  sewer  system,  the  connection  of 
the  new  structures  to  the  collection  system  would  cost  approxi- 
mately the  same  whether  the  system  were  separated  or  left  combined. 
Therefore,  the  cost  term  "$2435  x S"  is  reduced  to  zero.  Re- 
development projects  have  the  same  effect  as  urban  renewal  projects. 
The  proximity  of  an  area  to  the  main  interceptor  affects  the  cost 
of  conveying  separated  storm  water  and  sanitary  sewage  to  the  river 
interceptor. 

Low  density  housing  in  combined  sewered  areas  also  favors 
sewer  separation.  Within  an  area,  the  lower  the  density  of  houses, 
then  the  smaller  the  cost  of  in-house  separation.  In  addition  to 
low  density  housing,  there  may  be  large  areas  without  structures. 
Thus,  the  area  that  would  be  tributary  to  a new  separate  sanitary 
sewer  system  could  be  noticeably  less  than  the  area  tributary  to 
the  combined  sewer  system.  For  a given  size  area,  low  density 
housing  and  large  tracts  of  land  without  structures  both  favor 
sewer  separation. 
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